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1. P u rpose , M ethod. Scope, and 
Significance of the Study
A. P u rp o se
T h is  study a im s at evaluating  the  m ethodological s ign ificance  of 
the  p ro c e sse s  of c la ss if ic a tio n  and aggregation  in  econom ics as  an 
e m p ir ic a l sc ien ce . The w orking hypothesis of the  study is  tha t c la s s i ­
fica tion  of th ings and p ro c e sse s  is  a n e c e ssa ry  b ridge  betw een the 
re a lm  of th eo ry  and tha t of e m p ir ic a l phenom ena.
T h eo ry  m ust provide c a te g o rie s  to which fa c ts  a re  ass ig n ed . 
T h is  am ounts to  a c la ss if ic a tio n  of fac ts  in  acco rdance  w ith som e th e o ­
r e t ic a l  c r i te r io n  (or c r i te r ia ) .  A c la ss if ic a tio n  is  sa id  to be c o a rse  o r 
fine depending upon the degree of aggregation  im posed  upon its  e lem en ­
ta ry  c a te g o rie s . When two or m o re  ca te g o rie s  a re  com bined into a 
new one, i t  is  sa id  th a t they a re  aggregated , o r  th a t aggregation  has
o c c u rre d  w ithin the m odel to  which they  belong. C o n v erse ly , when a 
given ca teg o ry  is  decom posed in to  two o r  m o re  new c a te g o rie s , it  is  
sa id  th a t d isag g reg a tio n  has o c c u rre d . T hus ag g regation  is  a spec ific  
aspec t of the m ore  in c lu sive  p rob lem  of c la s s if ic a tio n . T h is study 
exam ines both th e se  p rob lem s w ithin a unified fram ew o rk .
B . Method
The m ethod of th is  study co n sis ts  in  focusing  on two se le c ted  
th e o re tic a l sy s te m s  in  econom ics, nam ely , th ose  of K eynes and 
Leontief, u tiliz ing  them  as  sp ec ific  m ed ium s fo r the  study of the 
g en e ra l p rob lem  of c la s s if ic a tio n  and ag g reg a tio n . H ow ever, before  
im bedding i t  in  th e se  a n a ly tic a l fram ew o rk s , the  p rob lem  is  stud ied  
fro m  the b ro a d e r  m ethodo log ical view point of e m p ir ic ism  in  econom ics 
and in  o th e r s c ie n c e s . B iology and psychology a re  s e le c te d  fo r the 
purpose of co m p ariso n  w ith econom ics, w hile focusing  on the  question  
of c la ss if ic a tio n .
A lso, the  l i te r a tu re  on c la ss if ic a tio n  and ag g reg a tio n  in  inpu t- 
output an a ly s is  w as c r i t ic a lly  rev iew ed  to  b rin g  to g e th e r som e of the 
e s s e n tia l  re s u l ts  w ithin a unified  th e o re tic a l  sch em e . T h is  w as 
deem ed n e c e s sa ry  b ecau se  the  ideas in  th is  fie ld  a re  badly s c a tte re d  
and have not been  sy s te m a tiz ed  in  a s in g le  w ork  so f a r .  T h is  c r i t ic a l  
su rv ey  is  a happy b y -p ro d u ct of the in v estig a tio n  of the  g e n e ra l purpose 
of the  study  r e f e r r e d  to  above.
T h e re fo re , the  m ethod of th is  study involves e lem en ts  from  at
le a s t  th re e  d is tinc t m ethods of inqu iry : an a ly sis , in te rd isc ip lin a ry  
co m p ariso n , and c r i t ic a l  su rv ey .
C . Scope
C la ss ific a tio n  sch em es applied  by data  reco rd in g  agencies in  
b u s in ess  and governm ental o rgan iza tio n s  a re  not exam ined in  th is  study. 
Only those  of sc ien tific  o rien ta tio n  a re  co n sid e red .
The study was o rig in a lly  in tended to include an investigation  of 
the  fo rm e r  as w ell. But the ensuing re s e a rc h  re v e a le d  tha t th is  would 
unduly en la rg e  the scope and, fu r th e r , would re q u ire  e sse n tia lly  d if fe r ­
ent ap p ro ach es . T h e re fo re , without denying the im p o rtan ce  of the 
p rob lem  it w as decided to  e lim in a te  it fro m  the study in  o rd e r  to  d e lim it 
the  scope, allowing fo r a  m o re  co m p rehensive  tre a tm e n t of the sub jec t 
w ith in  the m o re  re s tr ic t iv e  scope.
On the  th e o re tic a l  s ide , the p rob lem  of agg regation  fro m  m ic ro -  
to m a c ro -v a r ia b le s  and re la tio n s  w as left out of co n sid e ra tio n . T h is 
type of aggregation  has a ttra c te d  som e in te re s t  in  re c e n t y e a r s .  It is , 
how ever, an e sse n tia lly  d iffe ren t notion of aggregation  from  the one 
a sso c ia te d  w ith the p rob lem  of c la s s if ic a tio n  in  th is  study. The fo rm e r 
accep ts  the  p reva iling  "m ic ro -m a c ro "  d is tin c tio n  in  the  m ethodology of 
econom ics, w hile the  la t te r ,  proceeding  on m ore  fundam ental fro n ts , 
qu estio n s  the  th e o re tic o -e m p ir ic a l s ign ificance  of th is  d is tinc tion .
It is  tru e  tha t the  two could be given a unified tre a tm e n t fro m  
the  standpoin t of the pure ly  fo rm a l fe a tu re s  of the m echan ics of
\
ag g reg a tio n . But s ince  the m echan ics  of th is  p ro b lem  is  of m in im al 
and in c id en ta l in te r e s t  to  the study as a  w hole, i t  seem ed  a p p ro p ria te  to 
om it the a fo rem en tio n ed  type of ag g reg a tio n  fro m  the dom ain of inqu iry .
The scope of th is  study  is  fu r th e r  r e s t r ic te d  by excluding a ll 
co n s id e ra tio n s  re la te d  to n o rm a tiv e  eco n o m ics . O nly the dom ain of 
p o sitiv e  econom ics is  ex p lo red . B y po sitiv e  econom ics the au th o r 
u n d e rs tan d s  the  sy s te m a tic  study of w hat, how , and why econom ic 
phenom ena o ccu r the w ay  th ey  ac tu a lly  do. By n o rm a tiv e  econom ics, 
on the  o th e r hand , is  u n d e rs to o d  co n s id e ra tio n s  of w hat, how, and why 
c e r ta in  econom ic a c tiv itie s  ought to  o c c u r .
The ju s tif ic a tio n  fo r  th is  r e s t r ic t io n  of the  s c o p e -- in  addition 
to  the s h e e r  need  to  d e lim it th e  in v estig a tio n  in  o rd e r  to  co n cen tra te  
e ffo r ts  m o re  in te n s iv e ly  in  a sp ec ified  a r e a - - i s  th a t n o rm a tic e  eco ­
nom ics is  h eav ily  dependent on positive  eco n o m ics  in  i t s  m ethod of 
a n a ly s is . P o s itiv e  econom ics can stand  by  i ts e lf ;  n o rm a tiv e  econom ics 
cannot. T h e re fo re  the  in v estig a tio n  of the m ethodology of po sitiv e  eco ­
n o m ics , to  the  ex ten t th a t the an a ly tica l engine of positive  econom ics 
is  sh a re d  by n o rm ativ e  eco n o m ics , au to m a tica lly  c o v e rs  som e a s p e c ts - - 
of the p u re ly  a n a ly tic a l c h a r a c te r - -o f  n o rm a tiv e  eco n o m ics . H ow ever, 
th e re  a r e ,  n e ed le ss  to  say , m any  p ro b lem s a s  w e ll a s  an a ly tica l 
m ethods th a t a re  not sh a re d  by  the two.
D. S ignificance 
The p e rp e tu a l in te rp la y  of th e o ry  and fac t c o n s ti ti te s  the  v e ry
essen ce  of the m ethodology of e m p ir ic a l s c ie n c e s . Investigation  of 
fac ts  suggests  th e o rie s , and, in  tu rn , th e o rie s  enable the s c ie n tis t to  
seek  new fa c ts .
In econom ics th ese  two in sep a rab le  poles of sc ien tific  w ork a re  
u tte rly  se p a ra te d  w ith consequent d e trim en ta l effects  to  the  d isc ip line  
as  an e m p iric a l sc ien ce . C o n tra ry  to  the predom inant view, econo­
m e tr ic s  cannot be expected  to  e lim in a te  th is  p rob lem . The question  is 
not the devising of m ore  effic ien t and so p h istica ted  s ta t is t ic a l  te c h ­
n iques, but one of the g en e ra l o rien ta tio n  of th e o re tic a l m odels in  
econom ics.
An e m p irica lly  o rien ted  m odel should provide w ithin i ts e lf  
su ffic ien t qualita tive  d iffe re n tia tio n --o r , in tech n ica l te rm s , a  su ffic ien t 
num ber of d is tinc t v a r ia b le s - - to  enab le  it to  re f le c t  the  e s s e n tia l  f e a ­
tu re s  of the e m p irica lly  d iffe ren tia ted  re a li ty . M odels th a t a re  con­
s tru c te d  in  te rm s  of few highly aggregative  v a ria b le s  would n e c e s sa r ily  
and unduly su p p re ss  m any of the qualita tive  d ifferences th a t a re  ac tually  
observ ed . E co n o m etrics  cannot be expected  to  r e v e r s e  th is  p ro c e ss  of 
su p p re ss io n  of qualita tive  d iffe ren ces , a ta sk  which is  not even n e c e s ­
s a ry  if  the  m ethodological prob lem  involved is  recogn ized  by the 
th e o r is t  in  the f i r s t  p lace. M ethodological shortcom ings of econom ic 
th eo ry  cannot be com pensated  fo r by m o re  im proved  s ta t is t ic a l  te c h ­
n iques.
It is , th e re fo re , n e c e s sa ry  to  inv estig a te  the m ethodology of
econom ics from  the standpoint of e m p ir ic a l im p lem en tab ility  of e co ­
nom ic m odels and th e o rie s . The prob lem  of c la ss if ic a tio n  and a g g re ­
gation is  found to  be of s tra te g ic  im portance  in  such an investigation .
A m ethodological study of th is  type is  a lso  u rgent because  of 
the im p re ss iv e  su cc e ss  of som e of the  la rg e - s c a le  lin e a r  m odels such  
as  inpu t-ou t put and lin e a r  p rogram m ing  m odels as  th e o re tic -e m p ir ic a l  
co n s tru c ts , and the need for knowing the re a so n  (or re a so n s ) fo r such 
su c c e ss . It m ay be tha t econom ic th e o ry  as a  whole can  le a rn  from  
the ex p erien ce  of th e se  offshoots on its  s id e s .
T he c r i t ic a l  su rv ey  of the p rob lem  of c la ss if ic a tio n  and a g g re ­
gation in input-output an aly sis  m entioned in sec tio n  B is  ano ther asp ec t 
of the  s ign ificance  of th is  study. T h is  p a r t of the study w as not a  s e p a ­
ra te  ta s k  but one which was found to  be of g re a t convenience as  a co n ­
c re te  m edium  fo r the  study of the  m ore  a b s tra c t m ethodological con ­
s id e ra tio n s  m entioned  above. But i t  w as a lso  sign ifican t by its e lf  
s ince  no w ork  of i ts  kind was availab le  on the sub ject, m o st of the ideas 
being s c a tte re d  in  v a rio u s  re fe re n c e s  in  the  fo rm  of iso la ted  m ono­
g rap h s at v a rio u s  levels  of so p h istica tio n . Often v a rio u s  fo rm al, 
m a th em atica l too ls applied  by d ifferen t au th o rs  give the im p ress io n  
th a t th e re  a re  e sse n tia l d iffe ren ces  in  the  econom ic content of th e ir  
w orks. It was n e c e s sa ry  to  c le a r  away som e of th ese  d ifficu lties  by 
m eans of a  uniform  th e o re tic a l fram e  and fo rm a l technique.
2. Some O b serv a tio n s  of In te re s t on the 
D evelopm ent of E conom ic Thought
M edieval econom ics co n cern ed  its e lf  with one o r an o th er a sp ec t 
of econom ic life in iso la tio n  fro m  the r e s t .  F o r  exam ple, th e ir  doc trine  
of ju s t p rice  and th e ir  v iew s on in te re s t  a re  in s ta n ce s  of the m o ra l-  
leg a l approach  which was c h a ra c te r is t ic  of the period .
N or w as th is  t r e a tm e n t- - in  iso la tio n  and on noneconom ic 
g ro u n d s--o f econom ic p ro b lem s as i r r a t io n a l  as i t  m ay seem  today. 
Econom ic p ro b lem s of the  tim e , a t the  lev e l p e rce iv ed  by the  pam p h le ­
te e r s  of th is  period , could be tre a te d  in  iso la tio n  fro m  the r e s t  of the 
econom y b ecau se  the com ponent p a r ts  of the  econom y its e lf  stood  in  an 
iso la ted , and m o re  o r  le s s  se lf -su ff ic ie n t re la tio n  to one an o th er. 
E conom ic in te rdependence  e x is ted  only to  a  v e ry  m eag er ex ten t. Thus 
the econom y could not be conceived  of as  a  w hole, b ecause  it w as not a 
w hole. The w ord  " s y s te m " - - s o  m uch in  use  to d ay --co u ld  not be m e an ­
ingfully applied  to  such an econom y, a s  fa r  as  the  sp ec ific  p ro b lem s of 
p rice , in te re s t  ra te , e tc . ,  w ere  co n cern ed . T h is  w as so b ecau se  th e re  
did not ex is t a  developed m a rk e t fo r  goods o r cap ita l in  o rd e r  to  tie  the 
v a r io u s  r a te s  of in te re s t  o r v a r io u s  p r ic e s  into an  in te r re la te d  netw ork . 
The ro le  of m a rk e t w as th u s  not as  e s s e n tia l  as  th a t of cu sto m s, t r a d i ­
tio n s , m o ra l d ic tum s, e t c . , in  e s tab lish in g  p r ic e s  of goods and fa c to rs .
Econom ic in te rdependence  evolved on the b a s is  of p ro g re s s  in  
the d iv ision  of lab o r as  i t  in te ra c te d  w ith the s iz e  and opera tiv e
8effic iency  of m a rk e ts . The developm ent of the  "hom e m a rk e t"  as a 
r e s u lt  of a r a th e r  advanced degree  of p ro g re s s  in  the d iv ision  of labo r 
w as the m o st im p o rtan t veh icle  of unifying the  indiv idual p a rts  of the 
econom y in to  an in te g ra te d  w h o le --in to  a  sy s te m . In p lace of loosely  
s tru c tu re d  e m p ire s  th e re  a ro se  the m o d ern  s ta te s  c h a ra c te r iz e d  by a 
high d eg ree  of in te rn a l coh esiv en ess  re fle c tin g  the  high degree  of e c o ­
nom ic in te rd ep en d en ce  am ong i ts  reg io n s , p roductive  a c tiv itie s , e tc . 
T h is  ob jective co h es iv en ess  was expected  to  le ad  to a  co rresp o n d in g  
sub jec tive  co h es iv en ess  - -the  phenom enon of na tio n a l ideology in  the 
m o d ern  s ta te .
T h is  p ro c e s s  im p re s se d  i ts e lf  upon the  m inds of the  th in k e rs  of 
the p e rio d . P o li t ic a l  th e o r ie s  of the national s ta te  evolved rap id ly , 
beginning w ith  th is  p e rio d . In econom ics, the  re sp o n se  to  the "w hole­
n e ss"  of the  econom y found its  m ost c le a r  e x p re ss io n  of the w ritings 
of m e rc a n ti l is ts .  M erca n tilism  is  e s s e n tia lly  econom ic n a tio n a lism . ^
M e rc a n tilis ts  saw  the s tre n g th  and p ro s p e r i ty - - a s  conceived  by 
th e m --o f  th e  s ta te  in  the  acqu isition  and accum ula tion  of gold. They 
p ro ceeded  to  fo rm u la te  p o lic ie s - -n o t alw ays w ro n g -- to w ard s  th is  end. 
The u ltim a te  ju s tif ic a tio n  fo r th ese  p o lic ie s  w as the pow er of the  s ta te .
Such b ro ad  g en e ra liz a tio n  a r e  n e c e s sa r i ly  open to  questions 
u n less  one p ro ceed s  to  specify  in  d e ta il p re c ise ly  what is  m eant by 
"econom ic n a tio n a lism . " T h is sh a ll not be done h e re . How ever, in  
the context of b ro ad  h is to r ic a l  rev iew  in tended  in  th is  sec tio n  such 
g e n e ra liz a tio n s  cannot alw ays be avoided.
w hich would be enhance, they  held , by m eans of acq u is itio n  and
2
accum ulation  of gold.
The point to note is  th a t m e rc a n ti l is ts  w ere  the f i r s t  to  m ake the 
notion of the eco n o m y -as-a -w h o le  a  c e n tra l  fe a tu re  of th e ir  a rg u m en ts . 
P r ic e s  and fo re ig n  tra d e  w ere  to  be m an ipu la ted  in  such  a way tha t the 
sy s te m  would re sp o n d  in  a given d e s ira b le  m an n er. T hus, m e rc a n ti l is ts  
d iffer fro m  the m ed iev a l w r i te r s  on econom ic su b jec ts  in  th a t they  saw 
the  econom y as  an in te g ra te d  w hole. But they  w ere  s im ila r  to  the 
m e d ie v a lis ts  in  th a t th ey  thought th a t the  econom ic p ro c e ss  can  and 
should  be m an ipu la ted  in  such  a way th a t it  can  b e tte r  confo rm  to  th e ir  
ends. They did not see  the sy s te m  as a  "n a tu ra l"  en tity  w ith i ts  own 
" se lf - re g u la t iv e "  in te rn a l m ech an ism s  o r "law s of m otion . "
The p h y s io c ra ts  not only saw  the econom y as a  "n a tu ra l sy s te m "  
w ith d e te rm in a te  (and d e te rm in ab le ) law s of o pera tion , but a lso  they  
p ro ceed ed  to  sp ec ify  th e ir  own view  of what th e se  "n a tu ra l law s" w ere .
It is  s a id  of Q uesnay, the  le a d e r  of the  p h y sio cracy  and o rig in a to r  of 
th e  tab leau  économ ique, th a t he, being  a physician , w as in sp ire d  by 
W illiam  H a rv ey 's  d isco v e ry  of c irc u la tio n  of blood, th e re b y  developing 
h is  m odel of "c irc u la tio n  of w ealth . " R eg a rd le s s  of the  t ru th  of th is  
p ro p osition , Q u esn ay 's  tab leau  p re sen te d  a p ic tu re  of the  econom y 
c h a ra c te r iz e d  by a fixed  p a tte rn  of o p e ra tio n . He, fo r the  f i r s t  tim e  in
2
The follow ing is  a co m p reh en siv e  t r e a t is e  on m e rc a n tilism : 
E . F .  H eck sch er, M e rc a n tilism , ed . E . F . Sonderlund, re v . ed. ; 
London, 1955.
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econom ics, m ade the notion of in terdependence of the sy stem  a c e n tra l 
fea tu re  of his w ork.
The econom y w as conceived a s  being com posed of th re e  c la s s e s :  
the land-ow ning c la s s , the fa rm e r  (peasant) c la s s , and the c la s s  of 
a r t is a n s . The tab leau  w as a  h y p o th e tico -n u m erica l spec ifica tion  of how 
the  annual product of the two c la s se s  of fa rm e rs  and a r tis a n s  is  c irc u -
3
la ted  and diffused among the th re e  c la s s e s .
The notion of s tru c tu re  as  an in v a ria n t p a tte rn  of in te r re la t io n ­
sh ips am ong c e r ta in  com ponents of the  econom y is  a m a jo r con tribu tion  
of the p h y s io c ra ts . It did not em erg e  a s  a c e n tra l  c h a ra c te r is t ic  of a 
th e o re tic a l sy stem  in  econom ics un til re c e n tly  when L eontief gave it a 
p rom inen t position  in  his schem e. It is  to  be noted, how ever, tha t a l ­
though the L e o n tie f  s  m odel s h a re s  w ith the  tab leau  économ ique of the 
p h y sio cra t the fo rm a l fea tu re  of ab s trac tin g  an in v arian t p a tte rn  of i n te r ­
re la te d n e s s  fro m  the com plex p ro c e sse s  of econom ic life , the co n cre te  
n a tu res  of the  two m odels d iffer in  a  fundam ental way. The c la s s i f i ­
cation  schem e of Q uesnay 's  tab leau  is  " c o a rse , " tha t is  its  e lem en ts
3
F o r  an in te re s tin g  and sim p le  in te rp re ta tio n  of the tab leau  
économ ique see  Shigeto T su ru , "On P ro d u ctio n  Schem es, " Appendix A, 
in  P au l M. Sweezy, The T heo ry  of C a p ita lis t D evelopm ent, New Y ork: 
M onthly Review  P r e s s ,  1942, pp. 365-374. A detailed  d iscu ss io n  of 
the s ign ificance of the  tab leau  m ay be found in  R onald L . Meek, 
"P ro b lem s of the  T ab leau  Econom ique, " in  J a m e s  A. G h erity  (ed. ), 
Econom ic Thought: A H is to ric a l A nthology, New Y ork: Random  House, 
1965, pp. 115-149; the tab leau  is  in te rp re te d  as  a  sim ple  L eontief 
m odel in  A lm arin  P h illip s , "The T ableau  Econom ique as a Sim ple 
Leontief M odel, " quoted in G herity , pp. 150-158.
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a re  b ro ad  ag g reg a te s , such  as " fa rm e rs , " " a r t is a n s , " e tc . The b a s is  
of c la ss if ic a tio n  is not a m ore  o r le ss  s im p le , unique p rin c ip le . The 
d is tin c tio n  betw een the th re e  c la s s e s  a re  based  on what they p ro d u ce- -  
as in  the c a se  of f a rm e r s  and a r t i s a n s - - o r  on w hether o r not they  own 
p ro p erty , o r  on the type of p ro p e rty  h e ld --a s  in the case  of land and 
non-land  p ro p e rty . L e o n tie f  s " s tru c tu re , " how ever, has a "fine" 
c la s s if ic a to ry  schem e, its  e lem en ts  being m uch s m a lle r  p a rts  of the 
econom y than, say , Q u esn ay 's  " a r t i s a n s ."  H ere the e lem en ts  a re  in ­
d u s tr ie s , defined as  a group  of producing un its (not n e c e s sa r ily  firm s 
o r even  e s ta b lish m e n ts)  tha t produce e sse n tia lly  the  sam e product. T h is 
is  not a m e re  d iffe ren ce  of deg rees , one betw een a  m o re  agg regative  and 
le s s  ag g regative  fo rm u la tio n  of the sam e concep ts . T h e re  does ex ist a 
q ua lita tive  d iffe ren ce : L e o n tie f  s schem e a b s tra c ts  not s tru c tu re  per se 
but r a th e r  the  tech n o lo g ica l s tru c tu re  of the econom y. T h is  ab s trac tio n  
would not have been  sign ifican t if  it w ere  not fo r the  fac t th a t W alras 
had a lread y  e s ta b lish e d  the fac t tha t "eq u ilib riu m " p ric e s  and outputs 
of v a rio u s  co m m odities  can  be deduced once technology, ta s te s ,  and 
re s o u rc e s  a re  sp ec ified . T hese  th re e  se ts  of data  w ill be r e f e r r e d  to
4
as the  fundam ental econom ic data.
4
A sim ple  m a th em atica l fo rm ula tion  of W a lra s 's  m odel is  p ro ­
v ided  in  C hap ter III. F o r  a de tailed , e sse n tia lly  n o n -m ath em atica l d is ­
cu ss io n  see  Jo sep h  A. Schum peter, H isto ry  of E conom ic A nalysis , ed. 
E lizab e th  B. Schum peter, New Y ork: O xford U n iversity  P r e s s ,  1961, 
pp. 998-1026.
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Follow ing the p h y s io cra ts , Adam  Sm ith  saw  the econom y a s  a 
System  w ith in h e ren t "n a tu ra l law s"  th a t gu aran teed  i ts  sm ooth func tion­
ing. The m otivating  fo rce  of the  so c ia l m echan ism  w as announced by 
Sm ith to  be the s e lf - in te re s t  of ind iv iduals p a rtic ip a tin g  in  econom ic 
ac tiv ity . He em phasized  the im p o rtan ce  of n o n -in te rfe ren c e  w ith the 
n a tu ra l c o u rse  of econom ic events as au to m atica lly  d irec ted  by the 
m ark e t.
Sm ith and his fo llow ers w ere p r im a ri ly  in te re s te d  in  the fa c to rs  
th a t d e te rm in e  the o v e ra ll p e rfo rm an ce  of the econom y. In to d ay 's  
p a rlan ce , the c la s s ic a l  school w as p r im a rily  in te re s te d  in  m a c ro -  
econom ic p rob lem . The econom y w as conceived  as a  sy s tem  with a 
defin ite  m ode of opera tion  and in te rn a l s tru c tu re . The m ode of opera­
tio n  of the sy s tem  c o n sis te d  of the co m petitive  p ro c e ss  th rough  w hich 
ind iv iduals would o ffer th e ir  r e s o u rc e s  to  e a rn  an incom e which would 
in  tu rn  be o ffered  to get com m odities  fo r  consum ption o r in v estm en t. 
T he s tru c tu re  of the sy s te m  w as conceived  of in  te rm s  of ow nersh ip  
c r i te r ia ;  la b o re rs  own no p ro p e rty  and re c e iv e  only w ages, land 
ow ners re c e iv e  re n t and ow ners of c ap ita l re c e iv e  p ro fit. F u r th e r ,  no 
exp lic it "co llu sio n s"  w ere  to  ex is t am ong the m em b ers  of each  of th ese  
th re e  c la s s e s  and the ow nersh ip  of p ro p e rty  w as not to  be co n cen tra ted  
to  such  an ex ten t tha t would e lim in a te  e ffective  com petition  in  the 
m a rk e t.
R ica rd o  developed som e of the  id e as  w ith re g a rd  to  the
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s tru c tu re  of the  econom ic sy s te m  w hich w ere  p re sen t in a m o re  or 
le s s  em bryon ic  fo rm  in  Sm ith. He ac tu a lly  suggested  th a t the  " law s"  
th a t re g u la te  the d is tr ib u tio n  of incom e am ong the th re e  so c ia l c la s s e s  
co n stitu te  the su b jec t m a tte r  of p o litic a l econom y.
Now, w hatever the ju s tif ic a tio n  fo r th is  conception  of s tru c tu re , 
r e fe r r in g  to  to d a y 's  b o rd e r lin e s  of sc ien ces , th is  conception  and its  
im p lica tio n s  (which w ere  ex tensive ly  b rough t out by M arx  and o ther 
so c ia lis t  w r i te r s )  invo lves e lem en ts  fro m  at le a s t th re e  d is tin c t s c ie n ­
tif ic  d isc ip lin e s : p o litic a l sc ien ce , sociology, and econom ics.
T h is  concep tion  of the  "econom ic" s tru c tu re  of so c ie ty --w h e th e r 
o r not u sefu l in  the fram e  of a  m o re  co m p reh en siv e  so c ia l th e o ry - - is  
not of m uch  va lue  to  the  econom ic sc ien ce  fo r the following re a so n s : (1) 
The c a te g o r ie s  of th is  conception, land, lab o r, c ap ita l, re n t, w ages, 
and p ro fit, c o n s is te d  of such  h e ro ic  a g g reg a te s  of q u a lita tiv e ly  d if fe r ­
ent e n titie s  th a t any th e o r ie s  applying to  th em  would of n e c e ss ity  be 
su p p re ss iv e  of a g re a t deal of e m p ir ic a l d ifferen tia tio n  actua lly  ob ­
se rv ed . F o r  exam ple, land  is  conceived  of as a  hom ogeneous whole, 
w ith no d is tin c tio n  as to  location , fe r til i ty , e tc . The sam e can  be sa id  
w ith re s p e c t to  the tre a tm e n t of lab o r and cap ita l.
Such a high d eg ree  of a b s trac tio n , which t r e a ts  e m p irica lly  
heterogeneous w holes as  hom ogeneous ones, has lim ita tio n s  on two 
d is tin c t but re la te d  le v e ls :
i.  th e o re tic a l  re a so n in g ; and
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ii. e m p ir ic a l im p lem en ta tio n  of th e o re tic a l p ro p o sitio n s .
Both th e se  po in ts a re  ex tensive ly  exam ined  throughout th is  study fro m  
s e v e ra l  d iffe ren t ang les . Suffice it to  say  in th e se  in tro d u c to ry  c o m ­
m en ts , th a t even a m ost e lem en ta ry  d e p a r tu re  fro m  such  agg regative  
thinking in  the c a se  of la n d -- th e  d is tin c tio n  betw een lands of d iffe ren t 
q u a li t ie s - - le d  to  the fo rm u la tio n  of the c e le b ra te d  th eo ry  of "d im in ish ­
ing r e tu rn s "  as the m ost u n iv e rsa l “law " of the n e o -c la s s ic a l  econom ics. 
Both th e o rie s  of value and th e o r ie s  of p roduction  sh a re  the sam e fo rm a l 
c h a ra c te r  of “d im in ish ing  r e tu rn s .
T h e re  is  no doubt th a t fo r “sp ec ific  p u rp o se s"  any degree of 
a b s tra c tio n  o r  ag g regation  is  p e rm is s ib le . The ju s tifica tio n  fo r such  
ag g regation  l ie s  in  the effic iency  w ith w hich the spec ific  p rob lem  at 
hand is  analyzed  w ith the help  of the  ag g reg a tiv e  c a te g o rie s  in troduced . 
But when ag g reg a tio n s  in  the g ran d  s ty le  - -land , labo r, c a p i ta l - - 
co n stitu te  the fundam ental e lem en ts  of a sc ien ce , the s itu a tio n  is d if f e r ­
en t. The r ic h  q u a lita tiv e  v a rie ty  of the  e m p ir ic a l w orld  i s  su p p re sse d  
in  favor of s im p lic ity  in  a n a ly s is . But, as C h ap ter VII show s, to g e th e r 
w ith such s im p lific a tio n  in  an a ly s is , m any p ro b lem s to  be analyzed  
c ea sed  to  be p ro b lem s w ithin the fram e w o rk  of the “sim ple , “
5F o r  a m o st co m p reh en siv e  ev alua tion  of the n a tu re  of the “law 
of d im in ish ing  r e tu rn s "  and i ts  ro le  in  econom ics see  K. M enger,
“The Logic of the Law s of R etu rn : A Study in  M eta-E conom ics, " in  
O sk ar M o rg en ste rn  (ed. ), E conom ic A ctiv ity  A nalysis , New Y ork: 
John  W iley and Sons, 1954.
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inaggregative  fo rm ulation . They m ust be fo rm ulated  se p a ra te ly  withit 
the  fram ew o rk s of o ther th e o rie s . F o r  exam ple in  a  on e-in d u stry  
g e n e ra l equ ilib rium  m odel of the economy^ the p roblem  of bo ttlenecks 
in production cannot be fo rm ula ted ; it  is  agg regated  out of the m odel by 
reg a rd in g  a ll different, in d u s tr ie s  as one aggregated  w hole. Thus one 
re s u lt  of ag g regative  fo rm u la tio n s  is  the r e s tr ic t io n  of the  dom ain of 
phenom ena th a t can be analyzed  by m eans of the re la te d  th e o re tic a l co n ­
s tru c ts .  T h is s im p lifica tio n  in an a lysis  is  achieved at the  expense of 
the  p rob lem s to  be analyzed.
On the e m p ir ic a l side, the fa r th e r  rem oved a  given ca teg o ry  
from  the o b serv ed  th ings and p ro c e sse s , the le s s  defin itive th e  nature  
of tha t ca teg o ry . F o r  exam ple the ca tego ry  " in d u s tr ia l equipm ent" is  
m uch m o re  defin itive  than  "cap ita l. " As a re su lt, agg reg a tiv e  th e o ­
r e t ic a l  fo rm u la tio n s  lead  to  e m p ir ic a l " in d efin iten ess"  and re s u lt  in 
th e o r ie s  th a t cannot be e a s ily  confronted  with re a li ty . Hence a se r io u s  
d ep a rtu re  from  the fru itfu l m ethodology of sc ien ce --w h ich  dem ands 
th a t th e o r ie s  be kept in  check  by m eans of d irec t o r in d irec t e m p ir ic a l 
v e r if ic a t io n - - is  in troduced  as  a re s u lt  of aggregative  fo rm u la tio n s. Un­
fo rtu n a te ly  th is  s ta te  of a ffa irs  c h a ra c te r iz e s  the p re se n t day econom ics 
no le s s  than  tha t of the R ica rd ian  e ra .
(2) The c la s s ic a l  conception of "econom ic" s tru c tu re  was
^M ost "K eynesian" g e n e ra l equ ilib rium  m o d e ls  have tliis  type 
of fo rm ulation .
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fundam entally  a socio log ica lly  o rien ted  one; i ts  e lem en ts  w ere the 
so c ia l c la s s e s .  It is  tru e  th a t th e se  so c ia l c la s s e s  en te red  the econom y 
in  d iffe ren t c ap a c itie s  and w ith d iffe ren t functions. But they could not 
s e rv e  as usefu l c a te g o rie s , say, in the d e te rm in a tio n  of p r ic e s  of co m ­
m o d itie s  and productive s e rv ic e s , as the c la s s ic a l  theo ry  of value 
a sp ire d  to do. An id ea l th eo ry  of value m ust provide a fo rm al f r a m e ­
w ork  fo r the d e te rm in a tio n  of d iffe ren t p r ic e s  fo r d ifferen t com m odities 
and productive  s e rv ic e s . Not p ric e  of c ap ita l goods in g en era l but the 
p r ic e  of sp ec ific  types of c ap ita l goods, not w ages in  g en era l but specific  
w ages, th is  i s  the  fo rm u la tio n  tha t is  needed fo r  an em p irica lly  v e r i f i ­
able th eo ry  of v a lu e . F u r th e r , the o b serv ed  inderdependence of the 
v a r io u s  p a r ts  of the econom y d ic ta te s  th a t s im u ltan eo u s d e term ina tion  
of m agnitudes be ad hered  to .
E conom ics had to  w ait fo r  the ap p lica tion  of the th eo ry  of s im u l­
taneous equations by W alra s  b e fo re  it m ade any sign ifican t use of the 
id ea  of s im u ltan e ity  co rre sp o n d in g  to the  w idely recogn ized  fe a tu re  of 
in te rd ep en d en ce  in  the econom ic sy s te m . But i t  should  be re m e m b ered  
th a t the  id ea  of s im u ltan e ity  w as a  c e n tra l  fe a tu re  of Q uesn ay 's  tab leau  
économ ique. In the absence of the m a th em atica l to o ls  of s im ultaneous 
equations a flow  d iag ram , such  as  th a t u sed  by Q uesnay (or the ta b u la ­
tio n  co rre sp o n d in g  to  it), is  the b e s t availab le  m eans of displaying 
in te rdependence  am ong the com ponent p a r ts  of a  sy stem . U nfortunately, 
th is  im p o rtan t con trib u tio n  of the  p h y s io c ra ts  did not find any
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7e n th u sias tic  re sp o n se  am ong eco n o m ists  except fo r  M arx  who re s c u e d  
Q u esn ay 's  tab leau  fro m  anonym ity (in h is T h e o r ie s  of S urp lus V alue ,
V ol. IV, C ap ita l); m uch la te r  L eontief se t to  c o n stru c t an e m p ir ic a l
g
tab leau  économ ique fo r the United S ta te s  econom y. S im ultaneity  in  the 
d e te rm in a tio n  of econom ic m agnitudes, w hether e x p re sse d  by m ean s of 
a sy stem  of equations, the loops in  a flow d iag ram , o r a tab u la ted  a lg o ­
r ith m  d esc rib in g  a  m ethod of su c c e ss iv e  app rox im ations to the tru e  
solution, a ll th ese  v a rio u s  analy tic  techn iques co rre sp o n d  to the  o b jec ­
tive  phenom enon of in te rdependence  w ithin the econom ic sy s te m . It w as 
the g re a t m e r i t  of Q u esn ay 's  tab leau  to  have p rov ided  th e  f i r s t  an a ly tica l 
schem e to re f le c t  th is  ob jective in te rdependence  in  som e e s se n tia l  way.
The W a lra s ia n  sy s tem  w as the  f i r s t  com p reh en siv e  sy s te m  of 
in te r r  ilated , w e ll-d e fin ed  econom ic m agn itudes which allow ed fo r a 
high degree  of qua lita tiv e  d iffe ren tia tio n  w ithin  th e  fo rm a l context of a 
th e o re tic a l m odel in  econom ics. T he e lem en ta ry  concepts of the  m odel 
w ere  d is tin c t com m odities  and p roductive s e rv ic e s . The e lem en ta ry  
re la tio n s  involved w ere  the supply and dem and re la tio n s  fo r v a rio u s  
com m odities and s e rv ic e s . The econom ic sc ien ce  had com e a  long way
7
The w ork  of C ournot and W alra s  w as c o n sid e red  as  e so te r ic  
s id e tra c k  by m o st eco n o m ists  w ell in to  the second  q u a r te r  of th is  c e n ­
tu ry . F u r th e r ,  excep t fo r  the  g en eric  fe a tu re  of sim u ltaneity , th e re  is  
li t t le  re sem b la n c e  betw een Q u esn ay 's  tab leau  and, say , W a lra s 's  
sy s te m  of equations.
g
See W ass iley  L eontief, T he S tru c tu re  of A m erican  Econom y, 
1929-1939, New Y ork; O xford U n iversity  P r e s s ,  1960, p. 9.
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s in ce  the  tim e  of the  m ed iev a l p am p h le tee rs ; the  econom y w as con­
ceived  of not as a con g lo m eratio n  of iso la ted  u n its  but a s  a  w e ll- 
in teg ra ted , co h esiv e  sy s te m  of in te r re la te d  p a r ts .  A fo rm a l analogue 
of the sy s te m  w as developed w hose e lem en ts  w ere  not the h e re tic  a g g re ­
ga tes  of Q uesnay or R ic a rd o  but the  s im p le , im m ed ia te ly  given, con­
c re te  notions of sp ec ific  com m odities  and p ro d u c tiv e  s e rv ic e s . Thus 
co rre sp o n d in g  to  the o b serv ed  e m p ir ic a l d iffe ren tia tio n  the W alra s ian  
sy s te m  d isp layed  a co m p reh en siv e  fo rm a l (or th e o re tic a l)  d iffe ren tia ­
tion , b rin g in g  econom ic th e o ry  c lo se r  to  the  im m ed ia te ly  given re a lity . 
T h is  w as a d ec is iv e  s tep  to w ard  the  developm ent of econom ics as  an 
e m p ir ic a l sc ien ce . T h is fe a tu re  of th e o re tic a l  d iffe ren tia tio n  to  c o r r e ­
spond to  the  o b serv ed  e m p ir ic a l d iffe ren tia tio n  of re a li ty  w as to  b e ­
com e a  c e n tra l fe a tu re  of L e o n tie f  s inpu t-ou tpu t an a ly s is . Such a 
p a ra l le l  betw een a  th e o ry  about re a li ty  and re a li ty  i ts e lf  is  of u tm ost 
m ethodolog ical s ig n ifican ce . It is  b rough t out in s e v e ra l  d iffe ren t con­
te x ts  in th e  follow ing c h ap te rs .
The W a lra s ia n  sy s te m  w as re g a rd e d  by h im , P a re to , and o th e rs  
as  being of p u re ly  th e o re tic a l  in te re s t .  The re a so n  given w as th a t the  
num ber of d is tin c t equations co rre sp o n d in g  to  d is tin c t com m odities and 
s e rv ic e s  w as so la rg e  th a t th e  so lu tio n  of the  sy s te m  of equations 
would be ac tu a lly  im p o ssib le . W ith th e  m o d ern  co m p u te rs  being  a l ­
m ost a c en tu ry  aw ay, th is  com pu ta tional d ifficu lty  alone w as su ffic ien t 
to  su p p o rt the  view  th a t th e  sy s te m  w as of a  fo rm a l c h a ra c te r  and
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could not be im p lem en ted  e m p iric a lly .
T h e re  is , how ever, ano ther fundam ental fe a tu re  of the W a lra s ia n  
sy s tem  which tends to  move it away fro m  the  im m ed iacy  of co n cre te  
re a lity , th e reb y  re n d e rin g  i ts  e m p ir ic a l im p lem en ta tio n  d ifficu lt (and 
perhaps im p o ssib le ) . T h is  a sp ec t of the p rob lem  has not been  ex p lic itly  
b rought out in  the l i te ra tu re  as fa r  as  th is  w r ite r  has been  able to d e te r ­
m ine. I ts  im m en se  m ethodolog ical s ig n ifican ce  dem ands th a t it  be 
stud ied  at som e leng th . C h ap te rs  II and III prov ide a fu ll p re sen ta tio n  
of the p ro b lem  under the g en eric  te rm  of " in v a ria n c e , " H ere  the p ro b ­
lem  sh a ll be in tro d u ced  only in g e n e ra l te rm s :
The e le m e n ta ry  re la tio n s  of the  W a lra s ia n  sy s te m  co n sis t of the  
supply and dem and re la tio n s  in the m a rk e t. T he dem and fo r and supply  
of each  com m odity  o r p roductive  s e rv ic e  i s  e x p re s se d  a s  the function 
of a ll o ther p r ic e s , w ith re s o u rc e s , ta s te s ,  and technology en te rin g  a s  
data  in  a  p a ra m e tr ic  cap ac ity . T hus the focus of a tten tion  in the 
W alra s ia n  schem e is  the  exchange p ro c e s s . In a  m a rk e t econom y the 
exchange p ro c e ss  is  c h a ra c te r iz e d  by a high d eg ree  of in s tab ility . In 
s ta t is t ic a l  te rm s , though th e re  m ay be an  ac tu a l e m p ir ic a l re la tio n  of 
dem and fo r a  given com m odity, the  d is tr ib u tio n  of th is  re la tio n  around  
i t s  n o rm --a ssu m in g  th a t th e re  e x is ts  o n e -- te n d s  to  have a  la rg e  v a r i ­
ance . The in h e re n t in s ta b ility  o r  la rg e  v a r ia b il i ty  of the  m a rk e t 
re la tio n s  of supply  and dem and is  d e riv ed  fro m  th e  v e ry  function  of the  
exchange p ro c e s s  in  a  m a rk e t econom y: the exchange p ro c e ss  d ire c ts
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the production and consum ption p a tte rn s  of socie ty  by v ir tu e  of i ts  in ­
stab ility , its  continual d is tu rb an ce  of eq u ilib rium  va lues, d irec tin g  the 
sy stem  tow ard  a new se t of eq u ilib riu m  v a lu es  only to  be d is tu rb ed  b e ­
fo re  even they a re  a r r iv e d  a t. A p e rp e tu a l negation of ex isting  m ag n i­
tudes and re la tio n sh ip s  is  the v e ry  e ssen ce  of the dynam ic p ro c e ss  of 
exchange in  a m ark e t econom y. T h e re fo re , though a t any in s tan t of 
tim e  th e re  does ex ist an  e m p ir ic a l se t of in te r re la te d  supply and dem and 
re la tio n sh ip s  in  the m ark e t, so  v o la tile  a re  th ese  re la tio n sh ip s  th a t they 
a re  not observab le  im m ed ia te ly  and th e ir  d e term in a tio n  is  no easy  s t a ­
t is t ic a l  ta sk  a s  the " id en tifica tion  p rob lem " in  eco n o m etrics  rem in d s  
everyone. In o ther w ords the s tru c tu re  of th ese  in terdependen t m agn i­
tudes w hich c o n s is ts  of the  se t of a ll re la tio n s  involved is  in  a s ta te  of 
flux because  the  e lem en ta ry  re la tio n s  th em se lv e s  a re  in  a  s ta te  of p e r ­
petual m otion. T h is  flu id ity  and v o la tility  of the  re la tio n s  and of the 
consequent s tru c tu re  re n d e r  the  e m p ir ic a l spec ifica tio n  of th is  s t r u c ­
tu re  an a lm o st im p ossib le  and, even  if  possib le , u se le s s  ta sk . T his is  
so because  in v ariance  - - re la tiv e  s tab ility  of the p a ra m e tr ic  s tru c tu re  of 
a se t of re la t io n s - -c o n s ti tu te s  the  v e ry  k e rn e l of the concept of "o rd e r"
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o r  "law " in  n a tu re . Since the s tru c tu re  of the W alra s ia n  sy stem  is  
in h eren tly  unstable, i t  follow s th a t, even if i t  is  spec ified  fo r  a given 
p erio d  of tim e , it  is  not of m uch use  because  i t  w ill not re v e a l any
^This point is  fu lly  developed in  a sec tio n  on " in v a rian ce"  in
C hap ter III.
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" o rd e r"  o r "law " in the above sen se . V a rio u s  a sp ec ts  of th is  question  
a re  studied  in C hap ter III.
C o m pared  to  Q u esn ay 's  tab leau , the W a lra s ia n  sy stem  w as a 
s tep  fo rw ard  not only because  of the m a th em atica l r ig o r  applied  in  the 
fo rm a l sp ec ifica tio n  of the m odel, but a lso - -a n d  v e ry  im p o rta n tly --a s  
a lread y  noted, because  of i ts  avoidance of agg regative  fo rm u la tions and 
allow ance fo r a high d eg ree  of qua lita tive  d iffe ren tia tio n .
But in  so fa r  a s  the  s tab ility  (and th e re fo re  e m p ir ic a l o b se rv ­
ab ility  in  a d ire c t  way) of the re la tio n s  involved is  concerned , W alras 
took a  s tep  b ackw ard  fro m  Q uesnay: Q u esn ay 's  s tru c tu re  of the econ ­
omy co n s is te d  of a m o re  o r le s s  in v a rian t p a tte rn  of in te rre la tio n sh ip s  
tha t tie d  the th re e  r a th e r  s tab le  so c ia l c la s s e s  of a r t is a n s , land  ow ners, 
and fa rm e rs  to g e th e r in to  a re la tiv e ly  fixed  netw ork, o r  p a tte rn . Once 
th is  p a tte rn  i s  e m p ir ic a lly  sp ec ified  then  it  is  of value because  it 
changes only slow ly in  n o rm a l t im e s . The fu ll a s s im ila tio n  of the 
notion of in v a rian ce  in to  a com prehensive  econom ic th eo ry  w as achieved 
fo r the f i r s t  tim e  by L eon tie f in  h is  co n stru c tio n  of the A m erican  in p u t- 
output tab le  of 1919 in  the 1930's, follow ed by a lm o st a  whole new 
sp h ere  of econom ic an a ly s is  by L eontief and h is co w o rk ers  on the 
H a rv ard  E conom ic P ro je c t, and extended over a num ber of decades.
Follow ing the fo rm a l d em o n stra tio n  by W alras  th a t a ll p ric e s  
and q u an titie s  of co m m odities  and s e rv ic e s  in  the econom y can  be de­
duced fro m  the  se t of fundam ental d a ta - -p re fe re n c e s , technology, and
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re so u rc e s , --L e o n tie f  s e t to  d e te rm in e  the  " s tru c tu re  of the econom y" 
by d ire c t o b servation  of the fundam ental data  th em se lv e s  ra th e r  than 
going through the  in te rm ed iacy  of m a rk e t re la tio n sh ip s .
L e o n tie f  s fo rm a l m odel is  b ased  on an input-output tab le . The 
ij th  c e ll of th  tab le  m e a s u re s  the  am ount of output of the ith  co m ­
m odity o r se rv ic e  ab so rb ed  in  the p roduction  of the j th  com m odity. 
Thus the e n tr ie s  in the 3 th  co lum n would be m e a su re s  of the v a rio u s  
inputs n e c e s sa ry  fo r the  p roduction  of output of the 3 th  com m odity.
If th ese  e n tr ie s  a re  e x p re s se d  a s  a p e rcen tage  of the  to ta l output of 3 , 
th en  they  would m e asu re  inputs of v a r io u s  ty p es  p e r unit of output of 3 . 
T h ese  p e rcen tag es  a re  r e f e r r e d  to  as "coeffic ien ts  of production" by 
L eontief. The se t of a ll  the p roduction  co effic ien ts  in  an econom y co n ­
s titu te s  the s tru c tu re  of th a t econom y. The v a rio u s  v e rs io n s  of the 
m odel, open, c lo sed , s ta t ic , dynam ic, and com binations of th e se , e n ­
abled  L eontief to  s e p a ra te  the  m o re  s tab le  and e a s ily  a cc e ss ib le  
re la tio n sh ip s  and data fro m  the m o re  v a ria b le  ones, the  foca l point of 
a tten tion  being the sp ec ific a tio n  of a  re la tiv e ly  s tab le  s tru c tu re  tha t 
would re f le c t  the  com plex  netw ork  of in te rre la tio n sh ip s  in the econom y. 
Such a s tru c tu re  e m erg ed  a s  a r e s u l t  of the  app lication  of h is open 
s ta tic  m odel which p r im a r i ly  co n cen tra ted  on the "techno log ica l s t r u c ­
tu re "  of the econom y.
^^C hapters IV and V d e sc rib e  th is  m odel and the notion of
techno log ica l s tru c tu re  in  d e ta il.
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L e o n tie f  s m odel sy n th esized  the d isag g reg a ted  fo rm u la tio n  of 
the W alra s ia n  schem e w ith the  notion of in v a rian ce  im p lied  in Q u e sn a y 's  
tab leau . W hereas the e lem en ta ry  c a te g o rie s  of W alras , being specific  
com m odities  and s e rv ic e s , co n stitu ted  im m ed ia te ly  o b servab le  th ings 
o r p ro c e sse s , his e lem en ta ry  re la tio n s , fa r  fro m  being d ire c tly  o b s e rv ­
able, had a high d eg ree  of v a r ia b ility  and, th e re fo re , u n d esirab le  fo r an 
em p iric  a lly -o r ie n te d  th e o ry . The e lem en ts  of the sy s te m  co n sis ted  of 
the c a te g o rie s  of co m m odities  and s e rv ic e s  on the one hand, and the 
supply and dem and re la tio n s  on the o ther hand. H ow ever, only the f o r ­
m e r w ere  im m ed ia te ly  given and d ire c tly  o b se rv ab le . The la t te r  w ere  
not. L eon tie f dev ised  h is ^ s t e m  in  such a way th a t ^  i ts  e lem en ts  - -  
c a te g o r ie s  as w ell as  the re la tio n s  am ong th e se  c a te g o rie s  - -w ere  of an 
im m ed ia te ly  g iven and d ire c tly  ob serv ab le  c h a ra c te r .
Hence the L eon tie f schem e is  the  cu lm ina tion  of a  slow ly d ev e l­
oping tre n d  in  the econom ic sc ien ce  involving the notions of "sy stem , " 
" s im u ltan e ity  of re la tio n s "  (co rrespond ing  to the  e m p ir ic a l in te r ­
dependence of the  econom y), " s tru c tu re , " and in v a ria n ce . The d ire c t 
line  goes th rough  P a re to  and W alra s  to  Q uesnay. L eon tief is  an o ff­
sp rin g  of the  g re a t L ausanne school.
Though th e re  has developed a g re a t dea l of in te re s t  in  the 
L eo n tie f 's  schem e in  re c e n t y e a rs , m any eco n o m ists  continue to r e ­
g a rd  it as  an in c id en ta l offshoot of the  econom ic sc ience  and v e ry  few 
schoo ls  even  in troduce  it to  th e ir  s tu d en ts  at the und erg rad u ate  o r even
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graduate  lev e l. M uch of the in te re s t  in  inpu t-ou tpu t an a ly s is  is  co n ­
c e n tra te d  in  the a re a  of c o n stru c tio n  of inpu t-ou tpu t ta b le s  o r the  a n a l­
y s is  of p ro b lem s w ithin  th is  fram ew o rk . W orks th a t would put inpu t- 
output an a ly s is  in  a p ro p e r p e rsp ec tiv e  in  re la tio n  to  the r e s t  of e c o ­
nom ic th eo ry  a re  r a th e r  s c a rc e .  ^^ Much m o re  sc a rc e  (and p erh ap s 
no n -ex is ten t) is  a sy s te m a tic  study of the  m ethodology of inpu t-ou tpu t 
a n a ly s is . Such a study is  s ign ifican t because  inpu t-ou tpu t a n a ly s is  is , 
so  fa r , the only th e o re tic a l  co n s tru c t in  econom ic w hich has c lo se ly  a d ­
h e red  to  the sc ien tific  m ethod w hereby  th e o r ie s  a re  re q u ire d  to  be con­
fro n ted  w ith fac ts  in  o rd e r  to be accep ted  o r  re fu ted . T hroughout th is  
study the im portance  of ad h erence  to  the sc ien tif ic  m ethod is  em p h asized  
and the m ethodology of econom ic is  exam ined  to  see  in  what w ays, if any, 
it  d e p a r ts  fro m  the sc ien tif ic  m ethod in  g e n e ra l. The fo ca l questio n  is 
w hether o r not econom ics is  an  e m p ir ic a l sc ien ce  and if  so  what a re  the 
m ethodolog ical c r i t e r i a  to  which i t  should ad h ere .
It w ill be shown in C h ap te rs  II and III th a t c la s s if ic a t io n  of ob ­
je c ts  and p ro c e ss e s  is  a n e c e s sa ry  b ridge  betw een the w orld  of a b s tra c t
O ther than  L e o n tie f 's  w orks, sy s te m a tic  a ttem p ts  to  p re sen t 
the th eo ry  of inpu t-ou tpu t an a ly s is  a re  lim ited  to  the  follow ing:
(1) H ollis B . C h en ery  and P au l G. C la rk , In te r in d u s try  E c o ­
no m ics , New York: John W iley and Sons, In c .,  1967.
(2) R . D orfm an, P . A. Sam uelson, and R o b ert M. Solow, 
L in ea r P ro g ram m in g  and E conom ic A n a ly sis , New Y ork: M cG raw - 
H ill Book C o . , In c .,  1958.
(3) W illiam  H. M iernyk, The E lem en ts  of Input-O utput A naly ­
s is , New Y ork: Random  H ouse, 1965; th is  is  a  v e ry  e lem en ta ry  in t r o ­
duction to inpu t-ou tpu t an a ly s is ,
(4) Shiou-Shuang Yan, In troduction  to Input-O utput E co n o m ics ,
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th eo ry  and co n cre te  e m p ir ic a l re a lity  about which a theo ry  is  p r e ­
sen ted . The question  of c la ss if ic a tio n  and the re la te d  notion of a g g re ­
gation  (d isaggregation ) w here a c la s s if ic a to ry  schem e is  tra n s fo rm e d  
fro m  a fin e r (co a rse ) into a c o a r s e r  (finer) one assu m ed  a c e n tra l 
position  in the  d iscu ss io n  of the  m ethodology of econom ics as an e m ­
p ir ic a l  sc ie n c e . The by -p roduct of th is  g en era l m ethodological review  
(and c r it ic is m )  of econom ics is  the m ore  specific  tre a tm e n t given to 
two p rev a ilin g  m acro -eco n o m ic  sy s te m s : those  of K eynes and 
L eontief. B eing concerned  with the e m p iric a l contents of th ese  m odels 
the  study rev iew s not only the fo rm a l m odels but th e ir  underly ing  s o c ia l- 
accounting sch em es as w ell. Some g en era liza tio n s  em erge  out of th is  
co m p ara tiv e  study in  C h ap ters  W ,  V, VI, and VII.
F u r th e r , since the problem  of c la ss if ic a tio n  and aggregation  in  
the  inpu t-ou tpu t fram ew o rk  has, so fa r , been d iscu ssed  in  few s c a t­
te r e d  p ap ers , i t  seem ed  e s s e n tia l  to  give it a m ore  sy stem a tic  t r e a t ­
m en t in  the se ttin g  of a b ro a d e r  fram ew o rk  of m ethodology and 
a n a ly s is - -a  ta s k  which could not be expected  fro m  the tre a tm e n ts  in 
p a p e rs  and sym posium  d iscu ssio n s  which usually  r e s t r i c t  th em selv es  
to v e ry  sp ec ific  a sp ec ts  of a given prob lem .
New Y ork: Holt, R in eh art, and W inston, 1969.
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3. The Econom ic Science and 
its  E nvironm ent
In the preced ing  sec tio n  it w as seen  th a t the  econom ic sc ience , 
like o ther sc ien ces , a lm o st leads a  life of i ts  own; it grow s and d ev el­
ops. The d istance  tra v e lle d  from  Q u esn ay 's  to L e o n tie f  s tab leau  is  an 
im p re ss iv e  instance  of such  grow th . It is  e sse n tia l, how ever, to 
rem em b er tha t a sc ience  grow s w ithin and in  re sp o n se  to  the needs of a 
definite so c ia l m ilieu . T hus econom ics, like any o ther sc ien ce , n e c e s ­
s a r i ly  in te ra c ts  with i ts  env ironm ent; changing and being changed by it. 
A d iscu ss io n  of som e sp ec ific  in s ta n ce s  of th is  in te ra c tio n  m ay help e x ­
plain som e of the sh ifts  of em p h ases  o r re o rie n ta tio n s  th a t have 
o c c u rre d  in  the  scien ce  s in ce  i ts  e a r ly  days, and th row  ligh t on its  p r e ­
sen t s ta te  o r som e evolving o rien ta tio n  in  n ear fu tu re .
Some g e n e ra l re m a rk s  re g a rd in g  econom ics of the  m ed ieval 
p eriod  and i ts  re la tio n sh ip  w ith  the m ed ieval econom ic env ironm ent 
w ere  m ade in  the beginning of the la s t  sec tio n . The sam e w as done with 
re s p e c t to  m e rc a n tilism  and p h y siocracy . The following d iscu ss io n  b e ­
gins w ith the c la s s ic a l  period .
The c la s s ic a l  school a ssu m ed  th a t a m ark e t econom y has a 
n a tu ra l tendency  tow ards fu ll em ploym ent. E v ery  supply w as n e c e s ­
s a r i ly  m atched  by effective  dem and since  m oney ea rn ed  in  production 
is  only good fo r spending: m oney i s  a  m e re  m edium  of exchange. T h is 
argum ent, m o re  rig o ro u sly  fo rm u la ted  as  the  ''Say' law  of m a rk e ts , "
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is too w ell known to  need a de tailed  d iscu ss io n  h e re . The point to note 
is  th a t th is  a ssum ption  of the c la s s ic is ts  w as a "n a tu ra l"  one re fle c tin g  
th e ir  ex p e rien c e s . C y clica l p a tte rn s  and prolonged perio d s  of s ig n if i­
cant unem ploym ent of re s o u rc e s  did not ap p ear a s  a problem  of co n ­
c e rn  u n til the second  half of the n ineteen th  cen tu ry . Since fu ll em p lo y ­
m ent could  be assu m ed  as a "n a tu ra l"  s ta te  of a ffa irs , the eco n o m is t's  
a tten tion  w as d ire c ted  tow ard  the p a tte rn s  of o v e ra ll output o r its  c o m ­
position .
T he c la s s ic a l  dynam ics w ith i t s  com ponent th e o r ie s  of population 
and d im in ish ing  re tu rn s  on land, exem plified  in  the th eo ry  of the 
S ta tio n ary  S tate , i l lu s t r a te s  the p reoccupation  of the c la s s ic is ts  w ith the 
o v e ra ll  p a tte rn s  in  the eco n o m y --th e  m acroeconom ic  p ro b lem s. The 
n e o -c la s s ic a l  school, s t i l l  assum ing  fu ll em ploym ent, co ncerned  i ts e lf  
w ith the p rob lem  of the com position  of so c ia l  output, leaving aside  
q uestio n s  of a m acro eco n o m ic  c h a ra c te r .
H ow ever, th e re  w as little  ju s tif ic a tio n  fo r the n e o -c la s s ic a l 
assu m p tio n  of fu ll em ploym ent, becau se  by now the  p ic tu re  of the e c o ­
nom ic env ironm ent had changed sign ifican tly , and unem ploym ent 
o c c u rre d  r e c u r re n t ly  and in tensely . Only lack  of o rig in a lity  and in s i s ­
ten ce  on pedantic  en d ea rm en t of the o ld e r th e o rie s  could explain  the a d ­
h e ren ce  to  th is  u n re a lis t ic  a ssum ption .
E ven in  th e ir  fo rm a l an a ly sis  the n e o -c la s s ic a l  econom ists  had 
l i t t le  new to  o ffe r. They could do no b e tte r  th an  "d isco v erin g "  (? 1 )
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tha t the law of d im in ish ing  re tu rn s  is  re a lly  not r e s t r ic te d  to  land  but 
tha t it is  a  u n iv e rsa l econom ic law governing  not only production  but 
a lso  consum ption . H ow ever, the n e o c la ss ic a l school should be c re d ite d  
fo r paving the way for the  developm ent of p raxeology through  i ts  re lia n c e  
on the notion of econom ic ra tio n a lity . Som e of th ese  developm ents w ill 
be rev iew ed  in  C h ap ter III. As a whole the n e o -c la s s ic a l  school w as not 
re sp o n siv e  to changes in  the  actua l econom ic env ironm ent about w hich it 
th eo rized .
T he m ethodo log ical influence of the n e o -c la s s ic a l  school c o n ­
s is te d  in  ( 1 ) channeling  econom ic a n a ly s is  into a q u a lita tiv e  path, and
(2 ) in troducing  pure  deduction and ax io m atic ism  throughout the dom ain 
of econom ic in q u ir ie s . B oth th e se  tended  to  r e ta r d  the developm ent of 
econom ic as a  q u an tita tive  e m p ir ic a l sc ien ce . C h ap ter III ex am ines 
th e se  poin ts in  som e d e ta il.
B ecause  of i ts  n o n -e m p ir ic a l o rien ta tio n , (and the consequent 
lack  of re sp o n se  of th e ir  th e o r ie s  to  the changing conditions in  the e c o ­
nom ic env ironm ent), the n e o -c la s s ic a l  school w as v u ln e rab le  to  the 
K eynesian  a ssa u lt, sp ec ia lly  since the  la t te r  w as launched p re c ise ly  at 
the tim e  when th e re  w ere  am ple objective grounds fo r  re je c tin g  the  fu ll 
em ploym ent a ssum ption  of the fo rm e r .
K eynes a ttack ed  the  c la s s ic a l  a ssu m p tio n s  of fu ll em ploym ent, 
flex ib ility  of w ages and p r ic e s , and S ay 's  law, as  if th ese  had alw ays 
been u n re a lis t ic . In r e a l i ty  the w orld  about which K eynes th e o riz ed
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w as a d ifferen t one than  th a t of the c la s s ic a l  p e rio d . C e r ta in  in s t i ­
tu tio n a l changes had brought about " s t ic k in e s s"  of w ages and p r ic e , 
dem and fo r "m oney to  hold, " e tc . Thus K ey n es 's  a tta ck  on M a rsh a ll 
and o th e r n e o -c la s s ic is ts  w as as  ju s tif iab le  a s  h is a tta ck  on the c l a s s i ­
c is ts  w as un justified . It w as only the fo rm e r  who had fa iled  to  re a l iz e  
the changed conditions of econom ic life, th e reb y  fa iling  to ad just th e ir  
a ssu m p tio n s  and th e o rie s  acco rd ing ly . In the case  of the  c la s s ic a l  
school. S ay 's  law, and flex ib ility  of p r ic e s  and w ages w ere  rea so n ab ly  
r e a l is t ic  a ssu m p tio n s , approx im ating  re a l i ty  of the  period  r a th e r  c lo se ly .
The d e p re ss io n  en v ironm en t of 1930's provided  a fe r t i le  ground 
fo r a  ra p id  p o p u la riza tio n  of the  K eynesian  th e o r ie s . T h e re  o c c u rre d  a  
sh ift of em p h asis  fro m  q u estio n s  re la te d  to  the  com position  to  those  of 
the  le v e l of output.
T he exceedingly  ra p id  re c o v e ry  of the  A m erican  econom y as a  
re sp o n se  to  the  w ar-in d u ced  dem and in  the la te  1930's and e a r ly  1940's 
once m o re  p o sited  the p ro b lem  of com position  of output at the c e n te r  of 
econom ic in v estig a tio n . The ra p id  change in  the com position  of dem and 
w hich w as the  r e s u lt  of tra n s it io n  fro m  a peace to  a w ar econom y during  
the  e a r ly  p h ases  of econom ic m obiliza tion , n e c e s s ita te d  a  sy s te m a tic  
app roach  to  the  p ro b lem  of b o ttlenecks in  p roduction . Such a s y s te m ­
a tic  in v estig a tio n  would have to  p ro ceed  w ithin a  detailed , e m p ir ic a lly  
im p lem en tab le  fram ew o rk  w hich would re f le c t  the  quan tita tive  in t e r ­
dependence of v a rio u s  in d u s tr ie s . An inpu t-ou tpu t tab le  fo r  the
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econom y a s  a whole o r fo r the s tra teg ic  p a r ts  would do p re c ise ly  th is . 
T hus the  econom ic prob lem  of tra n s itio n  to  a w ar econom y provided an 
env ironm en t ex trem e ly  favorab le  fo r the developm ent of input-output 
an a ly s is .
T h e re  w ere , of co u rse , many o ther in s titu tio n a l and en v iro n ­
m en ta l changes th a t led  to  the em ergence  and grow th of l in e a r  econom ics 
in  g en e ra l and input-output an a ly s is  in p a r tic u la r . A few of th ese  a re  
exam ined  in  the la s t  sec tio n  of C hapter II and in  C h ap ter III. B riefly , 
the  in c re a s in g  com p lex itie s  in  the d irec tin g  and m anagem ent of g o v e rn ­
m en ta l, b u s in ess , and m ilita ry  o rgan iza tions have s tim u la ted  in te re s t  
in  the developm ent and app lication  of quan tita tive  op tim ization  m odels.
A whole new sc ien ce  of O p era tio n s  R e se a rc h  w ith heavy re lia n c e  on the 
tech n iq u es  of m a th em atica l p rogram m ing  has evolved. The p e r fo rm ­
ance of the  postw ar econom y a t a level reaso n ab ly  c lo se  to  fu ll em ploy­
m ent has tended to  give new im petus to  the study of the  com position  of 
output. A lso m any econom ists  have m a s te re d  the to o ls  of m ath em atics  
and s ta t is t ic s  and in s is t  on a  quantita tive  approach  to  econom ic p ro b ­
lem s, re g a rd in g  the qu a lita tiv e  M arsh a llian  an a ly s is  and the m ethod of 
p a r t ia l  eq u ilib riu m  r a th e r  outdated and ineffic ien t.
The g en eric  fe a tu re s  of lin ea r p rog ram m ing  and input-output 
a n a ly s is  on the  one hand, and the wide use of the fo rm e r  a t the  e s ta b ­
lish m en t, f irm , o r  in d u s try  lev e l and of the  la t te r  a t the econom y-w ide 
level, on the  o th er hand, lead  to  the  p rognostication  th a t soon the two
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m ay be sy n thesized  to give a com preh en siv e  n u m erica l analogue of the 
econom y. T h is  sy n th esis , if i t  com es, w ill m ake the im m ense  w ealth  
of techno log ica l and accounting data  of p roductive units of the econom y 
im m ed ia te ly  availab le  to the econom ic sc ie n c e , A revo lu tion  in  the 
econom ic sc ience  w ill occur!
The developm ent of la rg e  sca le  e lec tro n ic  com pu ters  w as the 
sine qua non of p ra c tic a l app lication  of the a forem entioned  lin e a r s y s ­
te m s  in  econom ics. The developm ent of m o re  de ta iled  and a lso  m o re  
com prehensive  econom ic m odels w ill a c c e le ra te  as  the p re sen tly  o c c u r­
r in g  com puting rev o lu tio n  speeds up i ts  s p ira l  path. S im ulation of e c o ­
nom ic sy s te m s  w ill put the pow erful m ethod of ex p erim en ta tio n  at the
d isp o sa l of eco n o m ists . P ro fe s s o r  M o rg en ste rn  has aptly  r e f e r r e d  to
12co m p u te rs  as  the  te le sco p e  of eco n o m ists . Ju s t as  the inventions of 
te le sco p e  and m ic ro sco p e  w ere  e s s e n tia l  to  the  developm ent of a s t r o n ­
om y and biology, the inventions of analogue and d ig ita l co m p u te rs  a re  
expected  to  a c c e le ra te  the p ro g re s s  of econom ics as an e m p ir ic a l 
sc ien ce . Since the ro le  of co m p u te rs  and som e of i ts  possib le  im p ac ts  
on the  econom ic science  have been  dea lt w ith in  ex tenso  by P ro fe s s o r  
M o rg en ste rn  in an a r t ic le  m entioned  in  the la s t  footnote, th is  a sp ec t of 
econom ic e m p ir ic ism  is  not t r e a te d  in  any d e ta il in  th is  study; only
1 2 O skar M orgenste rn , "E x p erim en t and L arg e  Scale C om pu­
ta tio n  in  E conom ics"  in  O sk a r M o rg en ste rn  (ed. ), Econom ic A ctiv ity  
A nalysis , New Y ork; John W iley and Sons, In c ., 1954, pp. 540-541.
s c a tte re d  re fe re n c e s  m ay be found. T his should not give the im p re s ­
sion th a t th is  w r i te r  d iscoun ts the s ign ificance of th is  developm ent. It 
is  im p o ssib le  to  do so  fo r  anyone who h as  re a d  the im m en se ly  im p o r­
tan t and in te re s tin g  a r t ic le  ju s t m entioned.
Since the m a th em atics  and a lso  the com putation techn iques of 
l in e a r  sy s tem s  is  m uch b e tte r  understood  than  those  of the n o n -lin ea r 
sy s te m s , i t  is  expected  tha t m uch of the developm ent in  n e a r  fu tu re  in  
econom ics w ill co n cen tra te  in  the a re a  of l in e a r  m odels  and th e o r ie s . 
Thus the e r a  of n o n -lin e a r  econom ics, w ith i t s  sp e c tre  of d im in ish ing  
re tu rn s  which h as  haunted  the science  since the f i r s t  q u a r te r  of n ine­
teen th  cen tu ry , is  expected  to  com e to  an end. But "d im in ish ing
13re tu rn s "  like  an  old so ld ie r  n ev e r dies; i t  fades away, C h ap te r III 
exam ines som e a sp e c ts  of n o n -lin ea r th e o rie s  in  econom ics.
The p ra c tic a l p o ss ib ility  of com puting la rg e  sy s te m s  of equa­
tions rem o v es  a ll the ju s tif ic a tio n  of o v e r-a g g re g a tiv e , not to  say  
su p e r-ag g reg a tiv e , fo rm u la tions in  econom ics. T h is i s  a profoundly 
im p o rtan t o b serv a tio n , in  sp ite  of its  obv iousness. U nfortunately  the 
tra d itio n a l p ra c tic e  con tinues to  ap p ea r in  textbooks and the m a jo rity  
of a r t ic le s  c u rre n tly  pub lished . H ence the sc ien ce  p ro g re s se s  at a
13T his d e lib e ra te ly  hyperbo lic  s ta tem en t m ay  be m islead ing .
In C h ap ter III i t  i s  noted th a t the "law  of d im in ish ing  re tu rn s "  a s  a 
spec ific  hypo thesis  m ay  be v e ry  u sefu l and even o p e ra tio n a lly  s ig n ifi­
can t. It i s  the u n iv e rsa liz a tio n  of it  a s  a fundam ental th e o re tic a l 
s ta tem en t underly ing  v ir tu a lly  all of econom ic th e o ry  th a t i s  ob jection­
able in  th is  w r i te r 's  opinion.
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ra te  below i ts  op tim al ra te  because  of the fo rce  of hab it and le th a rg y  
due to  tra d itio n . Such a no n -o p tim al p e rfo rm an ce  is  not v e ry  becom ­
ing of econom ics since th is  is  the  d isc ip line  tha t has ex p lo red  the 
"p rin c ip le  of ra tio n a lity "  m o st sy stem a tica lly ; and the notion of 
optim um  w as developed by th is  sc ience  f i r s t .  E conom ics should 
apply som e of i ts  p re s c r ib e d  m ed ic ines to  itse lf!
4. O utline of the Study
M ethodological c o n sid e ra tio n s  on e m p ir ic ism  a re  e s s e n tia l  to 
the e n tire  study. C h ap ter II s e ts  fo rth  som e b asic  concepts in  e p is-  
tom ology and m ethodology of e m p ir ic a l s c ie n c es . The p rob lem  is  
exam ined  m o re  co n c re te ly  in  the  la t te r  p a r t  of the ch ap te r by m eans 
of draw ing exam ples fro m  developm ents in  b iology and psychology.
An outline of the sc ien tif ic  m ethod i s  p rov ided .
C h ap te r III app lies  som e of th ese  concepts to  econom ics. It 
s tu d ie s  s e v e ra l  a sp e c ts  of the m ethod of econom ics in  re la tio n  to  the 
p ro b lem  of e m p ir ic a l im p lem en ta tio n  of econom ic m odels and th eo ­
r ie s .
W ith C h ap te r IV the an a ly tica l p a r t  of the study  b eg in s. The 
so c ia l accounting b a se s  of the K eynesian and L eontief m odels a re  
tre a te d  w ith in  a m o re  in c lu siv e  schem e of which th ese  two co n stitu te  
sp ec ia l c a s e s .  The fundam ental id e n titie s  of each  of the two accoun t­
ing sy s te m s  a re  developed.
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C h ap te r VIII p re se n ts  a d isag g reg a tiv e  m o n e ta ry  m odel in ­
volving notions of s e c to ra l  v e lo c itie s  of m oney and s e c to ra l  t r a n s ­
actions b a lan ces . Some p ro b lem s of e m p ir ic a l v e rif ic a tio n  of th is  
m odel as w ell as  the d irec tio n  of w idening the ex p lan a to ry  scope of 
the m odel a re  in v estig a ted .
C h ap te r IX p ro v id es  a syn thetic  overview  of the whole study 
and p re se n ts  som e concluding re m a rk s .
CHAPTER II
INDUCTION: AN INTEGRAL COMPONENT OF THE 
SCIENTIFIC METHOD
The p ro b lem  of c la ss if ic a tio n  and aggregation  in econom ics is  
e s s e n tia l ly  a m ethodolog ical one. It a r is e s  in  re la tio n  to observation  
of econom ic phenom ena and a lso  in  re la tio n  to  v e rifica tio n  of eco ­
nom ic th e o r ie s  th rough the confron tation  of the th eo rem s deduced 
fro m  the  p o s tu la te s  of the th e o ry  with the observed  phenom ena. In 
e i th e r  c ase  o b serv ed  ob jects  and p ro c e sse s  m ust be o rgan ized  in to  
c la s s e s .  The concep tual c o u n te rp a r ts  of c la s s e s  of th ings and p ro ­
c e s s e s  a re  ca lled  " c a te g o rie s . "
The fu ll s ign ificance  of the p rob lem  of c la ss ific a tio n  and 
ag g reg a tio n  cannot be g ra sp ed  u n le ss  i t  is  em bedded in to  the m ore  
g e n e ra l fram ew o rk  of the sc ien tif ic  m ethod as a whole. In th is  chap­
te r ,  th e re fo re , an outline of the sc ien tific  m ethod as p opu larly  re co g ­
n ized  and exposed  by s c ie n tis ts  a n d /o r  ph ilo sophers  of sc ien ce , w ill 
be p re se n te d . P a r t ic u la r  em p h as is , how ever, w ill be put on the ro le  
of induction  and i ts  a sso c ia te d  p ro ced u re , c la ss ific a tio n , b ecause  it 
i s  th is  a sp e c t of the m ethodology of econom ics tha t has been
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p e rs is te n tly  ign o red  o r  approached  im p ro p e rly .
In o rd e r  to keep  the d iscu ss io n  co n c re te , som e fie lds of 
sc ience  a re  se le c ted  in  re la tio n  to which the g en e ra l d iscu ss io n  of 
m ethodology p ro c e ed s . T hese a re  b iology and psychology.
B iology is  se le c ted  p r im a r i ly  because  i t  ex em p lifie s , m ore  
c le a r ly  than o th e r s c ie n c e s , the m ethod of induction . O ther re a so n s  
fo r th is  choice w ill be found in  the following sec tio n s .
P sychology  is  u sed  becau se , w ith i t s  deductively  fo rm u la ted  
th e o r ie s , i t  h a s  in  com m on w ith econom ics the  fea tu re  th a t i t s  em ­
p ir ic a l  base  is  quite n a rro w . S tr ic tly  speaking , th is  re m a rk  is  m ean ­
ingful only w ith  re sp e c t to  the F reu d ian  th e o rie s  and the  m odifications 
th e re o f. O th e r re a so n s  fo r  se lec tin g  psychology w ill be given as the 
sec tio n  is  in tro d u ced  la te r  in  th is  c h ap te r.
A fte r the m ethod of induction w ith i t s  com ponent p a r ts ,  ob­
se rv a tio n  and c la ss if ic a tio n , is  stud ied  in  c o n c re te  by m eans of 
sp ec ific  ex am ples draw n from  sc ie n c e s , a m o re  a b s tra c t  tre a tm e n t 
of the sc ien tif ic  m ethod w ill be p re sen te d , w hich w ill su m m arize  the 
m ethodolog ical content of the c h a p te r  and a lso  in troduce  deduction 
and reduction  as  m odes of in fe ren ce  th a t to g e th e r w ith induction con­
s titu te  the m ethod of sc ien ce . T h is c h ap te r  p rov ides the b a s is  fo r 
evaluation  of the m ethod of econom ics and a  c r i t ic a l  exam ination  of 
the p rob lem  of c la ss if ic a tio n  and ag g reg a tio n  which co n stitu tes  the 
m ain  them e of the p re se n t study.
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Throughout th is  ch ap te r the  d istinc tion  betw een the re a d ily -  
a v a ilab le -an d -o b se rv ed  fac ts  and ex p erim en ta lly -d e riv ed -an d - 
observed  fac ts  is  su p p re ssed . T h is d is tinc tion , while s ign ifican t in  
a specific  d iscu ssio n  of the m ethod of science  is  of no p a r tic u la r  value 
fo r a m o re  g e n e ra l lev e l of d iscu ss io n  which is  followed in  th is  chap­
te r .  The su p p ress io n  of th is  d is tin c tio n  in  no w ay a l te r s  the re s u lts  
of the following a rg u m en ts . T h e re fo re , the w ord "observa tion" 
re fe rs  to  fa c ts  re g a rd le s s  of w hether th ese  w ere  g a th ered  from  
na tu re  o r w ere  p roduced by e x p e rim en ts . If the d istinc tion  becom es 
im p o rtan t in  a given context i t  w ill be in troduced  exp lic itly .
1. G oals of Science
Hum an specie  has  the m o st w id esp read  geo g rap h ica l range 
among a ll living beings. T h is is  the re s u lt  of h is  e v e r - in c re a s in g  
ab ility  to  adapt to  m o st v a r ie d  env ironm en ts  through the app lica tion  
of such m eans tha t would enable h im  to  su rv ive  and p ropogate . The 
m ost fundam ental of th e se  m ean s a re  those  re la te d  to  the production  
of food and s h e lte r .
Men produce th e ir  food, s h e lte r , and ob jects of th e ir  c u ltu ra l 
needs. P roduction  is  the key  to  hum an su rv iv a l. P roduction  is  a
m eans of tra n sfo rm in g  the "th ing in  i ts e lf"  in to  a "thing fo r  u s . "
The "n eu tra l stuff" of n a tu re - -m a tte r ,  energy , conditions, and 
re la tio n sh ip s , of which m an i s  p ro v is io n a lly  unaw are and which
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affect h im  n e ith e r  fav o rab ly  n o r u n fav o rab ly -- a re  tra n s fo rm e d  in to  
ob jects of u tility . ^
But the " ru le s"  of th is  tra n s fo rm a tio n  a re  not a rb itra ry :
P h y s ic a l re a li ty  i s  a t a ll tim e s  the b a s is  on which 
hum an cu ltu re  r e s ts .  The p hysica l env ironm ent, ap p ra ised  
both q u an tita tiv e ly  and q u a lita tiv e ly  and view ed as changing 
x'êiaLionSiiipS of tre n d s  and fo rc e s  rather tlian as  static  
cond itions, th e re fo re , is  a t a ll tim e s  the foundation of 
hum an productive e ffo rt. A rts , no m a tte r  how highly 
developed, and w an ts, no m a tte r  how u rg en t o r so p h is­
tic a te d , a re  h e lp le ss  in  a vacuum . W ithout acting  on 
and draw ing fro m  p h y sica l n a tu re  they  a re  unproductive.
To know, how ever, w hat p a r t ic u la r  opportun ities  a given 
p h y sica l env ironm ent has to  o ffe r a t a given tim e and 
p lace , one m u st f i r s t  le a rn  w hat m an can and w ants to  do 
w ith it.
N atu re  s e ts  the lim its  w ith in  which m an  can develop
h is  a r ts  to  s a tis fy  h is  w a n ts . W ithin th e se  lim its  he is  
f re e  to  s e le c t fro m  the  m y riad  of p o ss ib il itie s  o ffered  by 
n a tu re  those  w hich a t a  g iven tim e  and p lace  p ro m ise  the 
b e s t  r e s u lts  in  te rm s  of w ant sa tis fa c tio n  in  r e tu rn  fo r the 
hum an e ffo rt app lied  th e re to . ^
The fo rc e s  and conditions of n a tu re  p re se n t m an w ith in n u m er­
able b a r r i e r s  ag a in s t the sa tis fac tio n  of h is  w an ts. The neo lith ic  
m an  had  to  accep t th e se  fo rc e s  and conditions ju s t a s  the an im al 
kingdom  does. He w as not f re e  w ith re s p e c t to  the law s of n a tu re . 
Hum an h is to ry  began, one m ay  sp ecu la te , w ith the d isco v e ry  tha t 
m ech an ica l m otion can  be tra n s fo rm e d  in to  heat: the p roduction  of 
f ire  by fr ic tio n . The d isco v e ry  of the w heel, m e ta ls , d o m estica tion
^ E ric  W. Z im m erm an , W orld  R eso u rce s  and In d u s tr ie s , 
re v . ed . ; New York: H a rp e r  and B ro th e rs , P u b lish e rs , 1951, pp. 8 , 
12, 14.
^ Ib id ., p. 1 1 .
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of a n im a ls , a g r ic u ltu re , the s tea m  engine, and e le c tr ic i ty  w e re  but a 
s tep  fo rw ard  in c iv iliz a tio n , a  s tr id e  tow ards hum an freedom  fro m  the 
fo rce fu l and blind law s of n a tu re . T h is  freedom  does not c o n s is t in  the 
d ream  of negating the law s of n a tu re  but in the knowledge of th e se  law s. 
A ccording  to  H egel freed o m  i s  the ap p rec ia tio n  of n e c e s s ity . " N eces-
3
s ity  is  b lind only in  so  fa r  as i t  is  not u n d e rs to o d . " (em phasis added, 
M .M . )
To u n d ers tan d  n a tu ra l law s m eans to  know a s e t  of ten d en c ies
4
about one o r  m o re  a sp ec t of n a tu re . W ithout un d ers tan d in g  the law s 
of n a tu re , m an is  ig n o ran t of n a tu re 's  r e s o u rc e s . "Knowledge is  tru ly
5
the m o th e r of a ll o th e r r e s o u rc e s . "
Hum an so c ie ty  is  a  p a rt of n a tu re . A sy s te m a tic  study of 
hum an so c ie ty  i s  expec ted  to le ad  to  the d isco v e ry  of the ten d en c ies  
e x is ten t in  i t  in  a g iven  h is to r ic a l  epoch. H um anity  i s  p o w erle ss  
ag a in s t the fo rce  of the  ten d en c ie s  in te rn a l to  i t - - f o r c e s  th a t re s u l t  
fro m  the so c ia l m ode of e x is ten ce  of m e n --a s  long a s  the n a tu re  and 
cau se s  of th e se  ten d en c ies  a re  not understood . Social ex is ten ce  of
3
F re d e r ic k  E n g les , H e r r  Eugen D uhring 's  R evolution in  
S c ience , New York; In te rn a tio n a l P u b lish e rs , 1966, p. 125.
4
"N ea rly  a ll law s of sc ien ce  a re  s ta tem e n ts  of ten d en c ie s . " 
A lfred  M arsh a ll, P r in c ip le s  of E co n o m ics , 9th ed. ; New Y ork: The 
M acM illan C om pany, 1961, I, T ex t, 31.
5
Z im m erm an , p. 10.
m en im p lie s  the ex is ten ce  of a netw ork  of in te rd ep en d en c ies  among 
m e n - -a  netw ork  w hich is  in  a con tinual s ta te  of flux with e v e r in c re a s ­
ing  com plex ity . The fac t th a t th is  flux of in te rdependen t re la tio n sh ip s  
h a s  a s  i t s  a to m is tic  com ponents som e e lem en ts  of hum an conscious­
n e ss  m an ife sted  by  indi\i.dual, pu rposefu l a c ts , ra tio n a l decision  
m aking , and som e degree  of freedom  as to  the choice among a se t of 
a lte rn a tiv e s , does not im ply  th a t the o v e ra ll so c ia l tendencies co n sis t 
of a co n sc io u s ly -d esig n ed  path co lle c tiv e ly  d e s ire d  by m en. The o v e r­
a l l  ten d en c ie s  th a t em erg e  on so c ia l lev e l a re  the re su lta n t of a  v e ry  
la rg e  num ber of ind iv idual ten d en c ies  and conflic ting  fo rce s .
T hese  ten d en c ies  e x is t both a s  a r e s u lt  as w ell as  in sp ite  of 
ind iv idua l hum an action . T hey becom e im p e rso n a l, and objective law s 
of hum an s o c ie ty - - s im ila r  to  the  law s of n a tu re  in  g e n e ra l- -e v e n  
though the p a r tic ip a n ts  co n sis t of sub jec tive  e lem en ts , i . e . ,  hum an 
in d iv id u a ls . I t  i s  th is  ob jec tiv ity  of the so c ia l p ro c e ss  th a t ju s tif ie s  
the  ex is ten ce  of so c ia l sc ie n c es . ^
Some law s of n a tu re  a re  m o re  com plex than o th e rs . In the 
case  of such law s th e re  e x is t a la rg e  n um ber of fa c to rs  th a t influence 
the c o u rse  of a given p ro c e s s . H ence the d eg ree  of exactitude 
ach ieved  by sc ien ce  in  re la tio n  to  th e se  law s is  le s s  than tha t achieved
On ob jec tiv ity  of so c ia l phenom ena see  Max W eber, "O bjec­
tiv ity  in  S ocial S ciences, " R eading in  P h ilosophy  of Science, ed. 
P h ilip  P-. W ien er, New Y ork: C h a r le s  S c r ib n e r 's  Sons, 1953, pp. 
325-339.
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fo r le s s  com plex p ro c e s s e s . Law s of n a tu re  th a t involve m en a re
7am ong the m ost com plex law s.
Science is  thus a  m eans to  u n d ers tan d  n a tu re  and enable m an 
to  choose fre e ly  fro m  the o fferings of the n a tu re  he know s. The u n d e r­
standing of hum an so c ia l env ironm ent is  ju s t as  im p o rtan t a s  th a t of 
h is  physica l env ironm en t. Thus so c ia l freed o m —freed o m  re la te d  to 
the " so c ia ln e ss"  of m a n -- is  dependent upon the developm ent of such
g
an understand ing . Knowledge is  the  sine qua non of hum an freed o m .
H ence, science a im s at un d ers tan d in g  not only p h y sica l n a tu re  but
hum an so c ie ty  a s  w ell. Through sc ien ce  m an in c re a s in g ly  n a rro w s
9 10the  re a lm  of n e c e ss ity  and w idens the re a lm  of freed o m . ’
7
On a co m p ariso n  of n a tu ra l law s and econom ic law s see  
M arsh a ll, I, 29-37.
g
D eterm ination  of the  u ltim a te  goals of sc ien ce  n e c e s s a r i ly  
invo lves value judgm ent. H ow ever, the fu tility  of the a rg u m en t of 
"sc ien ce  fo r s c ie n c e 's  sak e"  has  been  fuUy exposed by  T o lsto i. Un­
fo rtu n a te ly  no re fe re n c e  is  re a d ily  availab le  to  the au th o r who, on a 
d iffe ren t occasion  w as exposed  to  T o ls to i 's  w ork  in  th is  a re a . I t i s  
thought tha t the re fe re n c e , incom plete  as  i t  i s ,  should be m ade be­
cause  of the im p o rtan ce  of w ork.
^"N ecessity "  and " freed o m " a re  applied  h e re  in  the H egelian  
sen se  as  d iscu ssed  above.
^^Some o b se rv e rs  advance the view th a t knowledge m u st be 
acq u ired  fo r i ts  own sake . M arsh a ll w rite s  th a t "econom ics h as  . . . 
a s  i ts  purpose f i r s t ly  to  acq u ire  knowledge fo r i t s  own sak e , and s e c ­
ondly to  throw  ligh t on p ra c tic a l  is s u e s . " But i t  can  be a rg u ed  th a t 
"sc ien ce  fo r i ts  own sake" h a s  lit t le  ju s tif ica tio n . U nfortunate ly  an 
exam ination  of th is  point would n e c e s s ita te  a lengthy  d ig re ss io n  w hich 
is  not ap p ro p ria te  h e re . H ow ever, see  footnote 8 , above.
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In the study of n a tu re  and so c ie ty  a se t of approaches have 
evolved--though  not defin itive and fin a l--w h ich  m ay be r e fe r re d  to  as 
the "sc ien tific  m ethod, " An outline of th is  is  needed fo r the study of 
som e m ethodological question  of in te re s t  in  econom ics.
2. M ethod of S ciences 
In 1937 L eontief w ro te  th a t " in te re s t  in  m ethodological p ro b ­
lem s h as  so  often been b randed  as a sign of tlie o re tic a l f ru s tra tio n  
tha t the su b jec t h as  p ra c tic a lly  van ished  from  the fie ld  of econom ic 
d iscu ss io n . Yet a showdown betw een the v a rio u s  schools and
tren d s  in  the econom ic sc ien ce  m u st be fought on m ethodological
. 12 grounds.
M ethodology c o n s is ts  of the study of m ethod. Lange w rite s
th a t
m ethod in  the g e n e ra l sen se  of the w ord  m eans a 
m ode of b eh av io r ( i . e . ,  a  defin ite  sequence of actions) 
em ployed re g u la r ly , consc iously , and p u rposive ly . A 
m ethod i s  thus a se t of m eans w hich a re  u sed  in  a given
^^W assiley  L eontief, The S tru c tu re  of A m erican  Econom y, 
1929-1939, New York; O xford  U n iv e rs ity  P r e s s ,  1960, p. 58.
12 In h is  b r i l l ia n t  c r i t ic is m  of the " neo -C am bridge  school" in  
The S tru c tu re  of A m erican  Econom y, 1929-1939, L eon tie f showed the 
shaky m ethodolog ical foundations upon w hich K ahn 's " id ea l output, " 
Robinson "effic iency  u n its , " H ick 's  " e la s tic i ty  of su bstitu tion , " and 
K eynes 's  "ag g reg a te  dem and and ag g reg a te  supply" concepts r e s t .  
Today, in  1969, th ese  concep ts a re  no le s s  p rev a len t in  econom ic 
th eo ry  than  in  1937 when L eon tief w ro te  h is  e ssay . See, fo r  exam ple, 
A llen, R. G. D . , M acroeconom ic T heory: A M athem atica l
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w ay to obtain  a c e r ta in  end. Scientific  m ethod is  a sp ec ia l 
case  of the study  of m ethod in  i ts  m ost g en e ra l m eaning, 
since  sc ien tific  in v estig a tio n  is  a hum an ac tiv ity  with the 
defin ite  a im  of acq u irin g  knowledge about re a li ty  and the 
law s by w hich it is  governed .
Any d iscu ss io n  of the m ethod of sc ien ces  n e c e s s a r i ly  involves 
a concept of re a li ty  and som e notions as to  the p ro c e ss  of hum an 
cognition, tha t i s ,  the a re a  known as ep istom ology in  philosophy.
A. E p isto m o lo g ica l C onsid e ra tio n s  
F o r  som e p h ilo so p h ers  re a l i ty  is  but the m an ifesta tio n  of the 
"Idea, " the p e rfe c t " fo rm " of which the e m p ir ic a lly  o b servab le  thing 
is  a m ore  o r  le s s  im p e rfe c t m an ifesta tio n  (P lato). Thus e v e ry  in d i­
vidual c h a ir  em bodies " c h a irn e s s"  as  i ts  " e ssen c e . "
H egel saw  h is to ry  a s  the unfolding p ro c e ss  of "R eason . " In
14"idea" o r  "R eason") a ll r e a l i ty  h as  " its  being and s u b s is te n c e ."
T hus, the "su b s tan ce"  of the  u n iv e rse  c o n s is ts  of co n sc io u sn ess .
F o r  o th e r p h ilo so p h ers  co n sc io u sn ess  is  not independent of 
objective re a lity ; i t  is  r a th e r  a m ore  o r le s s  a b s tra c t  re fle c tio n  of
T rea tm e n t, New York: St. M a r tin 's  P r e s s ,  1968; and H ans B re m s, 
Q uantitative E conom ic T heory : A Synthetic A pproach , New York:
John W iley and Sons, I n c . , 1968. Both th ese  au th o rs  devote su b stan ­
t ia l  e ffo rt to  develop the la s t  th re e  of the above concep ts .
13O sc a r  L ange, P o litic a l Econom y, G en era l P ro b le m s , t r a n s .
A. H. W alker, New York: The M acm illan  Com pany, 1963, I, 100.
14M orton Dormer, K. E . E b le , and R. E . H elbling, The 
In te lle c tu a l T rad itio n  of the  W est: C opern icus to  Kafka, D allas :
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15th is  re a lity . The B ritish  e m p ir ic is t  school defin ite ly  follow s th is  
line of thought.
Bacon (1561-1626) w ro te  th a t "m an , as  the m in is te r  and in te r ­
p r e te r  of n a tu re , does and u n d e rs tan d s  a s  m uch as  h is  o b se rv a tio n s  
on the o rd e r  of n a tu re , e ith e r  w ith re g a rd  to  th ings o r  the m ind, p e r ­
m it h im , and n e ith e r  knows n o r is  capable of m o re .
Thus fo r  Bacon hum an co n sc io u sn ess  is  an im p e rfe c t re f le c ­
tion  of n a tu re  w hose ex isten ce  is  independent of hum an aw aren ess  of 
it .
F u r th e r  am plifying th is  m ode of thought Hume (1711-1776)
developed h is  th e o ry  of the  p ro c e ss  of cognition;
Nothing, a t f i r s t  view , m ay  seem  m o re  unbounded 
than  the  thought of m an , w hich not only e sc a p es  a ll hum an 
pow er and au th o rity , but i s  not even re s tra in e d  w ithin  the 
lim its  of n a tu re  and re a li ty . . . .
But though ou r thought see m s  to  p o s se s s  th is  unbounded 
lib e r ty , we sh a ll find, upon a n e a r e r  exam ination , th a t i t  i s  
re a l ly  confined w ith in  v e ry  n a rro w  l im its , and tha t a ll th is  
c re a tiv e  pow er of the m ind am ounts to  no m o re  than  the 
facu lty  of com pounding, tra n sp o s in g , augm enting, o r
Scott, F o re sm a n  and Com pany, 1968, II, 318.
15Among the fo rem o s t m e m b e rs  of th is  school w ere  B acon, 
H obbs, L ocke, and Hum e. See Joseph  A. S chum peter, H is to ry  of 
E conom ic A n a ly sis , New Y ork: O xford U n iv e rs ity  P r e s s ,  1961, 
pp. 120-126. H ere  S chum peter e rro n e o u s ly  le av es  Bacon out 1
16F ra n c is  B acon, Novum O rganum , G rea t Books of the 
W este rn  W orld , C hicago: E ncycloped ia  B rita n n ic a , Inc. , 1952,
XXX, 107.
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d im in ish ing  the m a te r ia ls  a ffo rded  us by the sen se s  
and ex p e rien c e . . . . 1 ?
T h is  " e m p ir ic is t"  p a tte rn  of thought has becom e an e sse n tia l 
com ponent of sc ie n tif ic , a s  w ell as the g e n e ra l, outlook of m en to the 
ex ten t th a t " it  is  w ith som e d ifficu lty  th a t we u n d erstand  the p o ssib ility  
of an o th er mode of approach  to  the p rob lem  of n a tu re .
At the th re sh o ld  of the m odern  e r a  there  o ccu rred  a m ost un-
19co m p ro m isin g  a s sa u lt  on ra tio n a lism  - - th e  legacy  of the scho lastic  
20d o c to rs . A f irm  b e lie f in  the independence of n a tu re  from  the 
thoughts of m en  w as both a p recond ition  as w ell as  a b y -p roduct of the 
grow th of sc ien ce . T h is  w as but the  ph ilosoph ical co u n te rp art of the 
grow ing knowledge of m an about n a tu re . As such, i t  could not but 
grow  side  by side  w ith  th is  know ledge. In fac t, the sep a ra tio n  of
17David H um e, "An Inqu iry  C oncern ing  Hum an U nderstanding , " 
D onner, E b le , and H elbling, p. 183.
18A lfred  N orth  W hitehead, Science and the  M odern W orld,
New Y ork: The M acm illan  Com pany, 1948, p. 62.
^^S chum peter defines ra tio n a lism  as  follows: . . the
b e lie f  not only tha t ou r m ind is  the so u rce  of tru th s  tha t a re  an te­
ceden t to  e x p e rien ce , but a lso  tha t ou r m ind is  able to  produce 
re s u l ts  about superm undane su b je c ts , such as ex isten ce  of God. " 
S chum peter, H is to ry  of . . . , p. 113.
2 0 Schum peter*s te rm . Ib id . , p. 73.
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sc ien ce  and philosophy o c cu rred  only m uch la te r  in  h is to ry . The
21g re a t m en of "the cen tu ry  of gen ius" - - th e  seventeenth  c e n tu ry -- 
s im u ltan eo u sly  engaged in  sc ien tif ic  as  w ell as philosophical enqu iry . 
K ep ler, G alileo , P a s c a l, Newton, Locke, Spinoza, and L eitbn itz  a re  
only a few of a long l is t  of the vanguards of the m odern  e r a .
B. Induction and D eduction 
On the m ethodolog ical fro n t induction  was p re sen te d  as an 
a lte rn a tiv e  to deduction in  the study  of n a tu re . Bacon had a p ro m i­
nent ro le  in  th is . W hitehead re m a rk s  that:
The ex p lic it re a liz a tio n  of the an tith e sis  betw een the 
deductive ra tio n a lism  of the sch o la s tic s  and the inductive 
ob serv a tio n a l m ethods of m o d ern s  m ust chiefly  be a sc r ib e d  
to  Bacon; though of co u rse  i t  w as im p lic it in  the m ind of 
G alileo  and a ll the m en of sc ien ce  of those tim e s .
Newton c la r if ie d  h is  e m p ir ic is t  position  by adv ising  in fe ren ce
from  ex p erim en ts  not from  suppositions;
. . . Since the q u a litie s  of bodies a re  only known to 
us by ex p e rim en ts , we a re  to  hold fo r u n iv e rsa l a ll  such 
as u n iv e rsa lly  ag ree  w ith e x p e rim en ts . . . . We no o th er 
w ay know the ex tension  of bodies than  by our s e n se s , n o r 
do th ese  re a c h  in  a ll bodies; but because  we p e rce iv e  
ex tension  in  a ll th a t a re  sen s ib le , th e re fo re  we a sc r ib e  itno
u n iv e rsa lly  to  a ll o th e rs  a lso . . . .
^^W hitehead, p. 57.
22Ib id .,  p. 62.
^^Isaac Newton, "M ath em atica l P r in c ip le s  of N a tu ra l 
Ph ilosophy , " D onner, E b le , and H elbling, p. 132.
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T his sh ift of em p h asis  from  deduction b ased  on a rb i t r a r y
hypo theses to  induction  based  on d e ta iled  ob serv atio n s  of natu re
rev o lu tion ized  not only the concept of re a l i ty  held  by m en but a lso
th e ir  m ethod of com prehending re a lity . In w ords of Bacon: "The
signs fo r  the in te rp re ta tio n  of n a tu re  com prehend two d iv is io n s , the
f i r s t  re g a rd s  the e lic itin g  o r c re a tin g  of axiom s fro m  ex p erim en t,
the second the deducing o r deriv ing  of new ex p erim en ts  from  
,.24ax iom s. . . .
B aco n 's  e m p ir ic a l m ethod ac tu a lly  c o n sis ts  of th re e  p a rts : 
o b serv a tio n , d e sc rip tio n , and c la ss if ic a tio n . E m p ir ic ism  begins
25w ith im m ed ia te ly  apprehended  fac t and ends w ith d e sc rib ed  fa c ts . 
F a c ts  in  th ese  two se n se s  m u st not be confused. O nly fac t in  the 
fo rm e r  sen se  i s  fac t independent of a ll  concep ts and theo ry . D es­
c rib ed  fac t i s  fac t b rough t u n d e r concepts and to  th is  extent un d er 
th eo ry . F u r th e rm o re , "d esc rib e d  fac t is  not a m e re  agg regate  of 
atom ic data. One in sp e c ts  re la tio n s  as  w e ll as sen se  data. C onse­
quently , d esc rib ed  fac t tak es  on the fo rm  of p ro p o sitio n s"  i .  e . , 
e x p re ss io n s  of w hich i t  i s  s ig n ifican t to  say  tha t th ey  a re  tru e  o r 
fa lse .
24B acon, p. 140.
25 F . S. C. N o rth ro p , The Logic of the Sciences and the 
H u m an itie s , New York: The M acm illan  Com pany, 1948, p. 35.
" 'I b i d . , pp. 35-36.
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C o llec tion  and d e sc rip tio n  of fa c ts  is  an im p o rtan t step  in
sc ien ce . T h is stage  of sc ien tif ic  in q u iry  is  ca lled  the n a tu ra l h is to ry  
27stage  by N orth rop . The m ethods a p p ro p ria te  to  i t  a re  o bservation , 
d e sc rip tio n , and c la s s if ic a tio n . It d iffe rs  fro m  the next stage  of in ­
qu iry , w here  the m ethod of hypo thesis  e n te rs  and deductively  fo rm u ­
la ted  sc ien tif ic  th e o ry  o c cu rs . In the fo rm e r  concepts a re  "concepts 
by in tu itio n , w here  in tu ition  m ean s, not a specu la tive  hunch, but the
im m ed ia te  ap p reh en sio n  of p u re  e m p ir ic ism , which o ccu rs  in  d ire c t
28in sp ec tio n  o r  pu re  o b serv a tio n . "
M ost of " fac tu a l s tu d ie s"  in  econom ics a re  not of the "p u re ly  
e m p ir ic a l"  type. F o r  exam ple , K uznets and Jenks in  th e ir  vo lum i­
nous study of c ap ita l in  the A m erican  econom y adm it th a t "the study 
is  . . . la rg e ly  a com pound of e s tim a tio n  and c la s s if ic a tio n , s e a ­
soned a t d iffe ren t le v e ls  of e m p ir ic a l findings w ith co n jec tu ra l 
exp lanation , and topped off w ith  a  fro s tin g  of im p re s s io n is tic  specu- 
la tion  [ ? ! ] .  .
T hese  au th o rs  find econom ic th e o ry  of little  he lp  in  th e ir  
fac tu a l s tu d ies:
" ib W .
^V i d .
29Sim on K uznets, C ap ita l in  the A m erican  Econom y, 
P rin ce to n , New J e r s e y : P r in c e to n  U n iv e rs ity  P r e s s ,  1961, p. 7.
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W ith the o rd e re d  e m p ir ic a l findings a t hand, the next 
ta sk  in  log ica l sequence w as th a t of ex p lan a tio n --o f a tte m p t­
ing to  show w ith w hat p a tte rn s  of e s tab lish ed  g en e ra liz a tio n s  
a sp ec ific  finding could be a sso c ia te d , of w hat g en e ra l law it  
w as a spec ific  c ase . Since th e re  a re  few such g en era liz a tio n s  
o r law s in  the fie ld  of econom ic know ledge, and since any 
linking of a  given se t of findings to  som e e s tab lish ed  th e o re t­
ic a l  ten e ts  re q u ire  m o re  p re c is e  knowledge of the m echan ism  
involved than  is  av a ilab le , adequate ly  te s ted  exp lanations a re  
not now fea sib le  (E m phasis added, M .M . ). . . .
T h is op tim ism  is  ty p ica l of n o n th eo re tic a l econom ists  engaged 
in  fac tu a l s ta t is t ic a l  w ork . Few if  any  su sp ec t th a t econom ic th e o ry  
m ay  be incapab le  of com ing c lo s e r  to  the e m p ir ic a l re a l i ty  about 
w hich i t  th e o r iz e s . T h e re  p re v a ils  a fa ith  th a t the m ethodology of 
econom ics is  fundam entally  sound, and th a t the w orks of econom ic 
th e o r is ts  and econom ic e m p ir ic is ts  a re  tru ly  con tribu ting  to  the 
grow th of sc ie n c e . In the m ean tim e the e m p ir ic is ts  explain  th e ir  
"find ings" w ith  " im p re s s io n is tic  speculation" and the th e o r is ts  con­
tinue th e ir  p e rp e tu a l "m odel bu ild ing" each  m odel d iffering  fro m  the 
o th e r in  the o m iss io n , m odifica tion , o r  addition  of one o r  m ore  
a ssu m p tio n s , and the d eg ree  of so p h is tica tio n  in  the m a th em atics  
involved . Few b o th e r to  even  r a is e  the  question  of e m p ir ic a l im p le ­
m en ta tio n  of th e ir  m o d e ls , leav ing  th is  ta sk  to  eco n o m e tric ian s . 
(M ore of the  ro le  of e co n o m e tric s  w ill be sa id  la te r .  ) The in tim a te  
re la tio n  betw een th e o ry  and fac t is  fo rce fu lly  u n d e rsco re d  by 
N orth rop ;
qn
Ib id .,  pp. 7-8.
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. . .  If one p ro ceed s  im m ed ia te ly  to  the deductively  
fo rm u la ted  type of sc ien tif ic  th eo ry , . . . before  one has 
p a sse d  th rough  the n a tu ra l h is to ry  type of sc ience  w ith its  
inductive  B aconian  m ethod. . . , the re s u lt  inev itab ly  is 
im m a tu re , h a lf-b ak ed , dogm atic  and fo r the m ost p a rt 
w o rth le s s  th eo ry .
In the c a se  of econom ic th e o ry  L eontief w rite s  tha t 
" se ld o m , in  m odern  positive  sc ien ce , h as  so e lab o ra te  
a th e o re tic a l  s tru c tu re  been  e re c te d  on so narrow  and 
shallow  a fac tu a l foundation. T ra d itio n a lly --a n d  that 
tra d itio n  s t i l l  p re v a ils  am ong m a th em atica l and non- 
m a th e m a tica l e co n o m ists  a l ik e - - 'p u r e ' th eo ry  h as  not 
been  im p lem en ted  w ith e m p ir ic a l d e te rm in a tio n  of any 
of the n u m e ric a l p a ra m e te rs  involved. . . . All em ­
p ir ic a l  a ssu m p tio n s  on w hich such th e o r ie s  a re  based  
a re  qu a lita tiv e  in  c h a ra c te r  and, at th a t, they  a re  quite 
vague and g e n e ra l. So a re  the few p ro p o sitio n s  at 
w hich pu re  econom ic th e o ry  a r r iv e s .
T hus, eco nom ics seem s to  be divided in to  two se p a ra te  com-
33p a rtm e n ts : th e o re tic a l  eco nom ics and " sp e c u la tiv e -e m p ir ic a l"  
eco n o m ics . A ctually  th e re  e x is ts  a  th ird  com partm en t: the data 
co llec tio n  ag en c ies  of b u s in e ss , governm ent o r  o th e r ag en c ies . 
P a ra d o x ic a lly  th is  i s  p e rh ap s  the m o st re le v an t of the th re e  even 
though the in d iv id u a ls  p a rtic ip a tin g  h e re  a re  often not known as
^^N o rth ro p , pp. 37-38.
32W ass ily  L eontief, "M ath em atics  in  E conom ics, " E ssa y s  
in  E conom ics: T h e o rie s  and T h e o riz in g , New York: Oxford 
U n iv e rs ity  P r e s s ,  1966, pp. 33-34.
33 T his te rm  is  u sed  to  r e f e r  to  the type of fac tual study  tha t 
i s  not of a  p u re ly  e m p ir ic a l type but abounds w ith " im p re ss io n is tic  
sp ecu la tio n s"  a s  K uznets puts i t .  Above, footnote 29.
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eco n o m ists . T his re lev an ce  to  a tru e  science  of econom ics is  due 
to the affin ity  of the w orks of th ese  agenc ies to  the  N orth rop  view of 
the n a tu ra l h is to ry  stage of sc ien ce . The fac tual m a te r ia ls  co llec ted  
and c la ss if ie d  h e re  is  le s s  d is to rte d  and "explained" than those p ro ­
vided by the specu la tive  e m p ir ic is ts .
The purpose of the nex t few sec tio n s  i s  to  study the m ethodo­
log ica l a sp ec ts  of induction  in  m o re  d e ta il. A fter studying the com ­
ponents of induction , p a r tic u la r ly  o b servation  and c la ss if ic a tio n , an 
a p p ra isa l of the ro le  of induction  in  sc ience  w ill be p resen ted .
C. O bserva tion
The re la tio n  betw een s e n s e - - th a t  i s ,  im m ed ia te  p e rc e p tio n --
and re a so n  is  a c e n tra l question  not only in  ep istom ology  bu t a lso  in
philosophy of sc ien ce , fo r i t  focuses on p rob lem s of the s ta tu s  and
valida tion  of sc ien tific  know ledge. "A ll would be m uch s im p le r  if
observation  i ts e lf  w ere  as s im p le  and unam biguous a  p ro c e ss  as  it 
„34a p p ea rs .
But a fundam ental d ifficu lty  a r is e s  b ecause  observation  is  
p a r tia lly  dependent upon the knowledge of the o b se rv e r . In C ohen 's 
w ords: "We can c la im , indeed , tha t we 's e e ' the fixed s t a r s ,  the 
e a r th  ec lip sin g  the m oon, b ees  ga th erin g  n e c ta r  fo r  honey, or a
34M. W. W artofsky , C onceptual Foundation of Scientific  
Thought, New York: The M acm illan  Com pany, 1968, p. 100.
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s to rm  approaching . But we sh a ll be le s s  read y  to  m ain ta in  th a t we
sim p ly  and l i te ra l ly  see  th ese  th ings, unaided by any th eo ry , i f  we
re m e m b e r how co m p ara tiv e ly  re c en t in  hum an h is to ry  a re  th ese  ex-
35planations of w hat i t  is  we se e . " T hus, u n le ss  observation  is  
iden tified  w ith an im m ed ia te , ineffable ex p erien ce , one is  fo rced  to  
go beyond o b serv a tio n  in  o rd e r  to  observel
It i s  the o b serv a tio n  of the " im m ed ia te ly  com prehended fac ts"  
th a t is  em phasized  by the e m p ir ic is ts . But th is  ca teg o ry  of " im m e­
d ia te ly  com prehended  fa c ts"  is  not w ithout i ts  d ifficu lties . R ecent 
r e s e a rc h  in  the physiology and psychology of p e rcep tio n  suggest tha t 
the p e rcep tio n  p ro c e ss  is  u tte r ly  se lec tiv e  in  rece iv in g  im p re ss io n s  
fro m  the env ironm en t. B ru n n e r, e t a l . note that: "w ere  we to  
u tiliz e  fu lly  ou r c ap ac ity  fo r  re g is te r in g  the d iffe ren ces  in  th ings and 
to  respond  to  each  event encoun tered  as  unique, we would soon be 
overw helm ed by the com plex ity  of our env ironm en t. . . . Such 
d isc rim in a tio n  c ap a c itie s  . . .  i f  fu lly  u sed , would m ake us s lav es  
to  the p a r tic u la r . . . . "  As W artofsky  e la b o ra te s  in  d e ta il, th is  
s e le c tiv ity  th a t c h a ra c te r iz e s  percep tio n , th is  "o rd e rin g  of e x p e r i­
en ces"  h a s  su rv iv a l value fo r  the o rg an ism . It is  a  gen e tica lly
35M. R. Cohen and E . N agel, An In troduction  to  Logic and 
Scientific M ethod, New York; H a rco u rt, B ra ce  and Com pany, 1936,
p. 215.
36J .  s. B ru n e r , J . J .  Goodnow, and G. A. A ustin , A Study 
of Thinking, New Y ork: John W iley and Sons, 1956, W artofsky , 
p. 34.
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37in h e rite d  c h a ra c te r is t ic  of o rg a n ism s.
T hus, o rd in a ry  p e rcep tio n  of m an , like  tha t of a ll an im a ls ,
a lre ad y  o p e ra tes  a b s tra c tiv e ly ; th a t i s ,  it  s o r ts  out fo r  atten tion ,
recogn ition , and g en era liz a tio n  so m e, but not a ll of those  fe a tu re s
of d ifferen t s itu a tio n s  w hich m ay  be sa id  to  be alike in  som e re sp e c t.
The " a b s tra c tio n s"  which p e rcep tio n  ach ieves at th is  lev e l, i t  m ay  be
sa id , a re  not yet detached fro m  the ac tu a l s itu a tio n s  th em se lv es , n o r
a re  they  re p re se n te d  in  som e ex p lic it sym bol a p a rt fro m  d ire c t r e -
38sp o nses to env iro n m en ta l s tim u li. T h is  m ay  be r e f e r r e d  to  as 
p e rcep tu a l a b s trac tio n .
The above d iscu ss io n  m ay  be su m m a riz ed  by saying that 
hum an m ind i s  only se le c tiv e ly  a tten tive  to  i t s  env ironm ent. M any 
phenom ena occu r which a re  p o ten tia lly  observ ab le  by m an but he 
does not observe  them .
Now, observation  i s  a n e c e s s a ry  com ponent of sc ien tific  
w ork  in  g e n e ra l. The ob jec ts  of sc ien tif ic  o b serv a tio n  a re , in  
g e n e ra l, not " im m ed ia te ly  com prehended  fa c ts . " The un tra ined  
o b se rv e r , looking at a  s lid e  u n d er the m ic ro sco p e  m ay  in  fac t not 
p e rc e iv e  w hat to  the tra in e d  o b se rv e r  is  p e rfe c tly  c le a r .  M orgen- 
s te rn  com plains th a t econom ic s ta t is t ic s  a re  freq u en tly  not g a th ered
37
Ib id . , pp. 34-35.
^ ^ Ib id ., p. 35.
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by h ighly  tra in e d  o b se rv e rs  but by p e rso n n e l co llec ted  ad h o c . "Even
tra in e d  c e n s u s - ta k e rs  and m any o th e rs  engaged in  fie ld  w ork  a re  not
'o b s e rv e r s ' in  a s t r ic t  sc ien tif ic  sen se . A sc ien tific  o b se rv e r  is  the
a s tro n o m e r a t h is  te le sc o p e , the p h y s ic is t re co rd in g  the s c a t te r  of
m esons . . . , e tc . ; a ll a re  th em selv es  s c ie n tis ts , they  do not
39opera te  th rough  agen ts m any  tim e s  rem oved . " T hus, fa c ts  a re  to  be
sought by " tra in e d  o b s e rv e rs . " The m o re  a  sc ien ce  p ro g re s s e s  the
le s s  obvious and im m ed ia te  the phenom ena to  be observed .
The data  u sed  in  the physica l sc ien ces  today a re  only in  a
sm a ll m e a su re  d ire c tly  a cc e ss ib le  to s e n se s . M ost phenom ena a re
only av ailab le  through  in d ire c t  m easu rem en t and m any  have lo s t a ll
t r a c e s  of d ire c t , in tu itiv e  appeal. They a re  re p re se n te d  by n u m b ers ,
re la tio n s , equations, e tc . M any phenom ena can  n e v e r  be seen , h e a rd ,
40fe lt, excep t in  a  crude  and m o st in d ire c t m an n er.
In econom ics m any  phenom ena seem  to  be im m ed ia te ly  o b se rv ­
ab le. But a  c lo s e r  exam ination  re v e a ls  th a t th is  is  not the c a se . Take 
fo r in s ta n c e , m oney. Is  m oney a thing to  be observ ed ?  Is  m oney a 
tangib le th ing  o r is  i t  a  so c ia l re la tio n ?  A sking the question  is  su ffi­
c ien t to  in d ica te  w hat e lu siv e  a  concept th is  i s .  It i s  tru e  th a t in  a
39O sk a r M o rg en ste rn , On the A ccu racy  of E conom ic O b se r- 
va tio n s , 2nd ed . ; P r in ce to n , New Je rs e y : P r in c e to n  U n iv e rs ity  P r e s s ,  
1963, p. 27.
40 F o r  a m o re  d e ta iled  tre a tm e n t of th is  point see  M o rg en ste rn ,
p. 539.
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w ell-d e fin ed  th e o re tic a l sy s tem  such a s , fo r  exam ple, the W alras ian
g e n e ra l eq u ilib riu m  m odel, the concepts assum e a w e ll-d e fin ed
c h a ra c te r .  But in  i ts  re a l , ob jective  e x is ten ce , it  i s  not so d ire c tly
u n d ers to o d  as  i t  is  g e n e ra lly  thought. How is  th is  phenom enon to  be
41o b serv ed  and m easu red ?
O r take the concept of cap ita l. W hat is  cap ita l?  Is  e v e ry  
"p roduced  m eans of p roduction" to  be c o n sid e red  as  cap ita l?  Is  lab o r 
to  be tre a te d  as p r im a ry  o r  p roduced  m eans of p roduction? W hat is  
la b o r?  Even a c asu a l su rv ey  of the h is to ry  of econom ic thought w ill 
im p re s s  the in v e s tig a to r  by the v a r ie ty  of the  an sw ers  p rov ided  by 
d iffe ren t e c o n o m is ts --e a c h  p lau sib le  and defensib le  in  i t s  own c o n tex t-- 
to  such q u estio n s. No w onder th a t m any  eco n o m ists  have e scap ed  fro m  
the ta sk  of observ ing  econom ic phenom ena and have found a  safe haven 
in  the w o rld  of a b s tra c t  th e o ry  w h ere  th ey  assu m e tha t the concep ts of 
m oney, c ap ita l, la b o r , e t c . , a re  o p e ra tio n a lly  m eaningful and, th e re ­
fo re , th e o re tic a lly  ju s tif ia b le . The ta s k  of o b se rv a tio n  i s  le ft to  the 
accoun tan ts  and s ta t is t ic ia n s  of the g o v ern m en ta l and b u s in ess  
ag en c ie s . The tru e  challenge in  econom ics i s  to  develop such 
sch em es  th a t would in d ica te  (1 ) w hat i s  to  be observ ed , and (2 ) how 
i t  i s  to  be o bserved  (and m easu red ).
41 The c o n tro v e rsy  am ong m o n e ta ry  c ir c le s  on w h e th er to  
define tim e  dep o sits  a s  m oney o r  " n e a r  m oney" i s  one in s tan ce  of the 
e lu s iv e n e ss  of the  concept.
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The u sefu ln ess  of an o b servation  is  im p a ire d  if  the conditions 
u nder w hich i t  is  m ade is  not known. The in fo rm atio n  th a t a  c e r ta in  
liquid  b o ils  a t 60°C is  u se le s s  by i ts e lf .  Only i f  a tm o sp h eric  p r e s ­
su re  and density  of the liquid  a re  a lso  g iven, can the above in fo rm ­
ation be of any value. Tliis shows how fu tile  i t  can be to  co llec t data 
w ithout a t the sam e tim e d esc rib in g  the re le v an t fea tu re s  of the 
re a li ty  about which the data a re  co llec ted . But how is  one to  d is tin ­
guish re le v an t from  ir r e le v a n t  fe a tu re s?  Lange g ives a clue: 
"A b strac tio n  c o n sis ts  in  the m en ta l e lim ina tion  of every th ing  which is  
casu a l o r acc id en ta l, i . e .  , o ccu rrin g  only occasionally , and in  s in ­
gling out the event which constan tly  u n d er given conditions re a p p e a rs ,
42which constan tly  re p e a ts  i ts e lf ,  i .  e . , i s  e s s e n tia l ,  o r n e c e s sa ry . "
But th is  a lre a d y  re q u ire s  an in s ig h t, fa m ilia r ity , o r  a c c e ss  to  a th e o ry  
w ith re g a rd  to  the p ro c e ss  u n d er observation .
T h is  dependence of observ a tio n  on th e o ry  should not be in te r ­
p re te d  m ech an is tica lly . The p ro c e ss  i s  a  com plex one. In som e 
b ran ch es  of sc ience  a  m ore  o r  le s s  "n a tu ra l"  avenue of o b servation  
has  ex isted ; hence, th e se  sc ien ces  w ere  not dependent on p reco n cep ­
tions (in the fo rm  of hypotheses) in  o rd e r  to  se le c t and o bserve  the 
phenom ena of th e ir  dom ain. In o th e rs  the dependence of ob serv a tio n  
on th e o re tic a l notions is  m o re . Only exam ination  of the co n cre te
42L ange, P o litic a l Econom y . . . , p. 103.
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h is to r ic a l  developm ent of som e se lec ted  fie ld s  can illu m in a te  th ese  
d iffe ren ces . T h e re fo re , an outline of the developm ents of b io logy  and 
psychology w ill be p re sen te d  h e re  in  an a ttem pt to  give illu s tra tio n s  of 
the in te rp la y  betw een fac t and th e o ry  in  the evolution of sc ie n c es . The 
p ro b lem  w ill then be in v estig a ted  w ith re fe re n c e  to  econom ics.
D. F a c t-  T h eo ry  In terdependence 
1. B iology Much of biology is  h is to r ic a l  in  n a tu re ; i t  is  
n a tu ra l h is to ry  in  the sen se  th a t it dea ls  w ith p a r tic u la r  fac ts  about 
n a tu re  th a t involve tim e in  an e s se n tia l  way. B io log ical fa c ts , among 
o th e r th in g s , a re  te m p o ra lly  re la te d . T h is tem p o ra l dependence 
am ong fa c ts  i s  by no m eans a unique fea tu re  of biology. Geology (and 
paleontology), a stronom y, and cosm ology a re  exam ples of o th e r 
s c ie n c es  fo r  w hich fac ts  a re  of a n a tu ra l-h is to r ic a l  c h a ra c te r . I t  w ill 
be seen  th a t som e econom ic fac ts  can u sefu lly  be re g a rd e d  as  n a tu ra l-  
h is to r ic a l .  Some in te re s tin g  o b serv a tio n s  follow fro m  th is  analogy.
The study  of b io log ica l n a tu ra l h is to ry  is  u sefu l b ecause  (1) i t  
p ro v id es  a c la s s ic a l  case  of the Baconian type of em p iric ism ; (2) it  
p ro v id es  a  co n cre te  m edium  fo r  the study of taxonom y^^--the  sc ience  
of c la s s if ic a tio n  of ob jects; and (3) i t  g ives an opportunity  to  exam ine 
the ro le  of c la ss if ic a tio n  in  the developm ent of sc ien ces . T h is i s  of
Taxonom y = ta x is  (a rran g em en t, division) + nom os (a law).
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m ethodolog ical in te r e s t  in  econom ics.
System atic  c a te g o rie s  of p lan ts , a n im a ls , and o th e r ob jects 
have ex is ted  in  m a n 's  m ind even at the m o st p rim itiv e  s tag e  of develop­
m ent. The re a so n  fo r th is  i s  illu c id a ted  by N ordensk io ld  a s  follows;
As long as  m a n 's  knowledge of n a tu re  is  lim ited  to  
w hat he can observe  in  h is  im m ed ia te  v ic in ity , he has  
li t t le  d ifficu lty  in  con tro llin g  the ob jects  of h is  know l­
edge. But when h is  ran g e  of v is ion  w idens, th e re  a r is e s  
the i r r e  si s tab le  need  fo r com bining the ind iv idual ob jects 
th a t have been o b serv ed  u n d e r g e n e ra l e x p re ss io n s , 
w hich se rv e  to  fix the knowledge of th em  and to  im p a r t  i t  
to  o th e rs , s in ce  no language w ould suffice  to  denote e v e ry ­
thing ind iv idually , and since in  a language th a t did so , no 
un d ers tan d in g , no com m on know ledge, n o r re ten tio n  of 
such an in fin ity  of te rm s  would be p o ssib le .
T hus, am ong p rim itiv e  peop les n a tu ra l ob jects  a re  g rouped out 
of s h e e r  p ra c tic a l  n e c e ss ity . The c a te g o r ie s  in  which ob jects  a re  
grouped a re  b ased  on such q u a litie s  th a t a re  e a s ily  o b serv ed  and com ­
prehended , and a re  of p a r t ic u la r  im p o rtan ce  in  re la tio n  to  food, 
s h e lte r , defense , o r  o th e r u se fu l (su rv iv a l- re la te d )  co n sid e ra tio n s .
The sam e is  t ru e , in  a  m odified  fo rm , of the c iv ilized  people who 
inven t (folk) te rm s  fo r  ob jec ts  w henever they  a re  concerned  w ith 
na tu re  in  a  p u re ly  p ra c tic a l  w ay. T hus, m any ob jects have a sc ie n ­
tif ic  and a popu lar nam e, the  two being u su a lly  d iffe ren t.
The grouping  of n a tu ra l ob jects  on a sc ien tific  p rin c ip le  took a 
long tim e . The f i r s t  known such a ttem p t is  due to  P la to  and A ris to tle .
44E r ic k  N ordensk io ld , The H is to ry  of B iology, t r a n s .  
L eo n ard  B ucknall E y re , New York: T udor P ub lish ing  Com pany, 
1928, p. 190.
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P la to  d is tin tu ish ed  betw een g e n e ra  and sp e c ie s . Species take 
account of the sp ec ific  c h a ra c te r  and g en era  of the g en eric  c h a ra c te r . 
A ris to tle  applied  h is  concep ts of g en o s, the  fam ily , and e id o s , the 
sp ec ie , fo r c la ss if ic a tio n  of an im a ls . A v e ry  p rim itiv e  an im al s y s ­
te m  w as le ft by h im , not in  a un ified  co llec tio n  but s c a tte re d  th rough- 
45out h is  w ritin g s . D uring the c en tu rie s  th a t followed th e re  w as no 
need  fo r  a m ore  d e ta iled  c la ss if ic a tio n ; the  an im als  and p lan ts  which 
b ecam e known in  la te  an tiqu ity  and the M iddle Ages w ere  not so 
n u m ero u s th a t they  could not be co v ered  by  the A ris to te le an  sy s tem , 
" i t  w as not u n til the  g re a t  g eo g rap h ica l d isco v e rie s  of the s ix teen th  
and seven teen th  c e n tu r ie s  in tro d u ced  the knowledge of a g re a t  num ber 
of new life -fo rm s  th a t i t  w as an inev itab le  n e c e ss ity  to  w iden the b io ­
lo g ica l c la s s if ic a tio n  i f  the  m a te r ia l  co llec ted  w as not to  accum ulate  
in to  an ab so lu te ly  in tra c ta b le  m a ss .
But the e a r ly  a ttem p ts  a t  developing a c la s s if ie a to ry  sy s tem  
w e re  not v e ry  su cc e ss fu l. F o r  exam ple, C esalp ino  (1519-1603) began 
h is  defin ition  of the d ifference  betw een p lan ts and an im als  in  the tru e
45G en era , d iffe re n tia , s p e c ie s , e t c . , a re  ac tu a lly  a ll  am ong 
the b a s ic  com ponents of the A ris to te le an  th e o ry  of sc ience  and h is  
sy s te m  of log ic . T hus, fo r  h im  the app lica tion  of th ese  concep ts to  
b io logy w as a  m e re  in s tan ce  of the  use  of h is  g e n e ra l sy s te m . F o r  a 
d iscu ss io n  of th is  point see  Cohen and N agel, pp. 231-238.
46N ordensk io ld , p. 191.
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A ris to te le a n  s ty le : p lan ts  feed , g row , and produce o ffsp ring , but
lack  the s e n s ib ility  and m otion  of an im a ls  and th e re fo re  a lso  need
47s m a lle r  o rg an s  than  a n im a ls . Then follow s a co m p ariso n  betw een 
v egetab le  and an im a l o rg a n s , w hich, "owing to  i ts  a b s tra c t  one­
s id ed n e ss , le a d s  to  cu rio u s  re s u lts :  the a lim en ta i o rg an s  of p lan ts  a re  
the ro o ts ; thus th e se  c o rre sp o n d  to  the stom ach  and in te s tin a l can a l in
a n im a ls . Stalk and s tem  p roduce  the fru it; thus th ey  belong to  the r e -
48p roductive  sy s te m . . . . "
The above should  c la r ify  one point: the  p re s e n t s ta te  of b io ­
lo g ica l and b o tan ica l taxonom y i s  the r e s u l t  of sy s te m a tic  e ffo rts  of 
m any  g e n e ra tio n s  of s c ie n tis ts  o v e r the p a s t four c e n tu r ie s . In  the  
beginning th e re  did not e x is t  a "n a tu ra l"  c la s s if ic a tio n  to  be s im p ly  
o b serv ed  and re c o rd e d  by  tax o n o m is ts . The b e lie f often held  th a t 
th e se  sc ie n c e s  a re  endow ed w ith  such d a ta  which can be e a s ily  
a r ra n g e d  in  a  "n a tu ra l"  o rd e r  i s  u t te r ly  unfounded. Indeed a c lo se r  
exam ination  re v e a ls  how vague the notion of "n a tu ra l c la ss if ic a tio n "  
i s .
D uring  the  f i r s t  two c e n tu r ie s  of the  m odern  e r a  p lan t c la s s if i­
cation  w as sp lend id ly  re o rg a n iz e d , but an im a l c la s s if ic a tio n  on the 
w hole m ade no p ro g r e s s .  The v e ry  f i r s t  to  m ake an a ttem p t to  deal
47I b i d . , p. 192.
^^Ibid.
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w ith vegetab le  and an im al c la ss if ic a tio n  on s im ila r  p rin c ip le s  w as 
Ray (1627-1705); the s c ie n tis t  who fin a lly  w orked out a un ifo rm  s y s ­
tem  fo r a ll  living c re a tu re s  w as C aro lu s  L innaeus (1707-1778).
In the eighteenth  cen tu ry  the F ren ch  n a tu ra lis ts  and in  the 
n ineteenth  cen tu ry  H egel upheld and p o p u larized  a conception of 
N ature  as a  whole, "m oving in  n arrow  c irc le s  and rem ain ing  im m u­
tab le , with i ts  e te rn a l c e le s tia l b o d ies, a s  Newton taught, and u n a lte r-
49able sp ec ie s  of o rgan ic  be ings, a s  L innaeus taught. " The re a c tio n  
to  th is  view w as in ev itab le . New findings w ere  continually  c o n tra ­
dicting such a rig id  concept of n a tu re . Kant (1724-1804) re so lv ed  the 
s tab le  s o la r  sy stem  of Newton in to  a h is to r ic a l  p ro c e ss ; the fo rm ­
ation of the sun and of a ll  the p lanets  out of a ro ta tin g  nebulous m a ss . 
He drew  the conclusion  th a t g iven  th is  o rig in  of the s o la r  sy s te m , i ts  
u ltim a te  d isso lu tion  w as a lso  inev itab le . H alf a cen tu ry  la te r  h is  
v iew s w ere  given a  m a th em atica l b a s is  by  Laplace (1749-1827), and 
an o th er fifty  y e a rs  la te r  the sp ec tro sco p e  proved the ex isten ce  in
space  of such incan d escen t m a sse s  of gas in  v a rio u s  s tag es  of con- 
50densation . T hus, L innaeus cam e to  be accused  as  A ris to te lia n  in  a 
d e ro g a to ry  sen se . But th is  i s  lik e ly  in  a ll  ages to  be " la id  a t the door 
of everyone d esiro u s  of a rra n g in g  th ings accord ing  to  fo rm al
^^E ng les, H e r r  Eugen D uhring 's  . . . , p. 31. 
Ib id . , pp. 29-30.
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p rin c ip le s , and th a t w as w hat L innaeus d e s ire d , ju s t as  i t  w as
ex ac tly  w hat b iology in  h is  tim e needed. . . . The p o s te r ity  should be
g ra te fu l to  h im  fo r having, in s tead  of w orking out sp ecu la tiv e ly  som e
doub tless  unproductive sy stem  of thought, devoted h im se lf  e n tire ly  to
51asc e rta in in g  the re la tio n  of fo rm s to  one an o ther. . . . "
L innaeus n ev er su rv ived  the po lem ics leveled  a t him  and to
52th is  day he re m a in s  u n -reh a b ilita ted  am ong the h is to r ia n s  of sc ien ce .
The m ethod of L innaeus co n sis ted  in  explain ing and defining the 
v a rio u s  p a r ts  of the p lan t and then  w orking out the p rin c ip le s  of nom en­
c la tu re , synonym y, and c h a ra c te r is t ic s  of the v a rio u s  c a te g o rie s  in  h is  
sy stem . H is b a s is  fo r the c la ss if ic a tio n  of p lan ts  w as sex u a lity  among
them . The c la s s e s  a re  de term in ed  acco rd ing  to  the num ber of s tam en s
53and the o rd e rs  acco rd ing  to  the num ber of p is t i ls .  The p ra c tic a l 
u tility  of th is  sy stem  is  evidenced by the fac t th a t i t  is  u sed  to  th is  day 
in  school education , although i t  w as long ago abandoned in  ac tua l 
sc ien tif ic  w ork .
^^N ordenskio ld , pp. 207-208.
52 T his au tho r su rveyed  about 20 d iffe ren t books in  the a re a s  
of philosophy of sc ien ce  and h is to ry  of sc ie n c e . Only th re e  of them  
even m entioned  L innaeus a s  an im p o rtan t sc ien tif ic  fig u re . F o r  an 
in te re s t in g  exp lanation  fo r th is  see N ordensk io ld , pp. 215-218.
53He d istingu ished  betw een c la s s e s , o rd e r s , g e n e ra , and 
sp ec ie s  w ith spec ie  being the m ost sp ec ific  and c la s s  the  m ost 
g e n e ra l en tity . F o r  e lab o ra tio n  on th is  see  N ordensk io ld , p. 210.
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In h is  la te r  w ritin g s  L innaeus becam e in c re a s in g ly  aw are  of
the sho rtco m in g s of h is  m ethod of de lim ita tio n  of the sp e c ie s . He
began to  doubt h is  doc trine  of the im m u tab ility  of sp ec ie s  and in the
final ed ition  of h is  S ystem a N atu rae  he om itted  the defin ite  a s s e r t io n
that no new sp ec ie s  a r is e .
The an a ly s is  of N ature  in to  i t s  ind iv idual p a r ts ,  the grouping
of the d ifferen t n a tu ra l p ro c e ss e s  and n a tu ra l ob jects  in  defin ite
c la s s e s ,  the study of the in te rn a l anatom y of o rgan ic  bod ies in  th e ir
m anifold fo rm s - - th e s e  w ere  the fundam ental conditions of the g igantic
s tr id e s  in  knowledge of N atu re  w hich have been  m ade du ring  the la s t
five c e n tu r ie s . M ayr n o tes  tha t " in d ire c tly , L innaeus did as  m uch to
p re p a re  the ground fo r a th e o ry  of evolution a s  if  he had p roposed
54such a th e o ry  h im se lf . " It is  e s s e n tia l  to  note th a t th is  type of 
"n a tu ra l h is to ry "  stage  in  the developm ent of sc ie n c es  is  not ju s t 
an o th er a sp ec t of sc ien tif ic  w ork. It is  a n e c e s sa ry , t ra n s it io n a l 
phase in  the evolution of the  sc ien ce . As M ayr no tes:
The developm ent of the m odern  th e o ry  [in biology] w as 
a slow p ro c e s s . E v o lu tio n ary  biology w as at f i r s t  in  the 
sam e s itu a tio n  as socio logy , psychology, and o th e r v a s t 
fie ld s  s t i l l  a re  today: the  availab le  data  w ere  too vo lum in­
ous and d iv e rs if ie d  to be o rgan ized  at once in to  a  single  
com prehensive  th eo ry . Individual, sp ec ia liz ed  th e o r ie s  
had to  spo tligh t se le c ted  a sp ec ts  and a s s is t  in  a  p re lim in a ry  
so rtin g  of the data  be fo re  a com plete syn thetic
54E rn e s t M ay r, A nim al Species and E volu tion , C am b rid g e , 
M assach u se tts : H a rv a rd  U n iv e rs ity  P r e s s ,  1963, p. 4.
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55in te rp re ta tio n  of the fie ld  as a whole w as feasib le .
B iology had to  re scu e  i ts e lf  fro m  som e ph ilosoph ical concepts 
th a t had been  handed down from  the an tiqu ity . T hese w ere  "p e rfo rm - 
is m "  and "typolog ical th inking . " The la t te r  w ill be d iscu ssed  b ecau se  
of i t s  re lev an ce  to taxonom y in  g e n e ra l.
P la to 's  concept of e idos is  the " fo rm a l ph ilosoph ical codifi-
57cation" of the typo log ica l conception of n a tu re . ’ A ccording to  th is  
concep tion  the v a s t o b served  v a ria b ility  of the u n iv e rse  h a s  no m ore  
r e a l i ty  than  the shadow s of an object on a  w all. F ixed , unchangeable 
" id e a s"  underly ing  the o b serv ed  v a r ia b ility  a re  the only th ings th a t a re  
p e rm an en t and r e a l .  Such id e a lis tic  m odes of thought dom inated the 
n a tu ra l sc ie n c es  un til w ell in to  the n ineteen th  cen tu ry . M ayr is  w orth  
quoting in  full;
Ib id . , p. 3.
^^M ayr defines "p e rfo rm ism "  as  follow s: " P e rfo rm ism  is  the 
th e o ry  of developm ent th a t p o s tu la tes  a p e rfo rm ed  adult in d iv id u a l in  
m in ia tu re  'boxed ' in to  the egg o r sp erm atozoon , re a d y  to  'unfold i t ­
s e l f  du ring  developm ent. " Ib id . , p. 4.
5 7 _ . .I b id . , p. 5.
^^P h ilo so p h ica l id e a lism  is  a  school of thought w hich " re d u ce s"  
r e a l i ty  to  m en ta l phenom ena, denying the ob jectiv ity  of th ings and p ro ­
c e s s e s  in  n a tu re . The m o st a r tic u la te  m e m b e rs  of the school w ere  
G eorge B erk e le y  (1685-1753), G. W. F r ie d r ic h  H egel (1770-1831), and 
the A u str ia n  p h y s ic is t E rn s t  M ach (1838-1916). The la t te r  w as in flu ­
e n tia l in  the developm ent of so -c a lle d  lo g ico -p o sitiv ism  which has  had
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The re p la ce m e n t of typo log ica l thinking by population 
thinking is  p e rh ap s  the  g re a te s t  conceptual rev o lu tio n  th a t 
h as  taken  p lace  in  biology. . . . The a ssu m p tio n s  of 
population th inking  a re  d ia m e tr ic a lly  opposed to  those  of 
the ty po log ist. The popu la tion ist s t r e s s e s  the  un iqueness 
of every th ing  in  the  o rg an ic  w orld . . . . A ll o rg an ism s 
and organ ic  phenom ena a re  com posed of unique fe a tu re s  
and can be d e sc rib e d  c o lle c tiv e ly  only in  s ta t is t ic a l  te rm s . 
Ind iv iduals , o r  any  kind of o rgan ic  e n titie s , fo rm  popu­
la tio n s  of which we can d e te rm in e  the a r ith m e tic  m ean  and 
v a ria tio n . A v erages a re  m e re ly  s ta t is t ic a l  a b s tra c tio n s ; 
only the in d iv id u a ls  of w hich the populations a re  com posed 
have re a lity . . . . F o r  the typo log ist, the type (e id o s) is  
r e a l  and the v a ria tio n  an illu s io n , w hile fo r  popu la tion ist 
the type (average) is  an a b s tra c tio n  and only the v a ria tio n  
is  re a l .  . . .
The above re f le c ts  the  sh a rp n e ss  of the  conflic t betw een  two 
m odes of thought in  biology: su b jec tiv ism  v e rsu s  o b jec tiv ism . The 
ba ttle  had to  be won in  favo r of o b jec tiv ism  as  b iology developed in to  a 
m a tu re  sc ie n c e . T h is  b a ttle  i s  ye t to  begin  am ong eco n o m is ts .
W ith re g a rd  to  the im p o rtan ce  of th is  p ro b lem  M ayr no tes tha t 
i t  w as L in n aeu s ' in s is te n c e  on the "co n stan cy  and ob jec tiv ity "  of sp ec ie s  
th a t posed  the p ro b lem  of the o rig in  of sp e c ie s , a  p ro b lem  p rev io u s ly
an im p o rtan t im p ac t upon the m ethodology of so c ia l sc ie n c e s . W iener, 
pp. 462-470, 480-484.
50 ,M ayr, p. 4.
^^The au th o r i s  aw are  of the m ethodological p o lem ics  betw een 
the h is to r ic is t  school and o th e r schoo ls  of econom ic thought. A lso  the 
w orks of W. C. M itchell in  da ta  co llec tio n  and econom ic e m p ir ic ism  
is  not ig n o red . But i t  w ill be a rg u ed  la te r  in  th is  c h ap te r  th a t ob jec­
tiv ism  in  econom ics h a s , u n til re c e n tly , been  und ers to o d  in  a one­
sided  and incom ple te  sen se .
6 6
nonexisten t in  th a t fo rm . The whole concept of evolution would be 
m ean ing less  i f  sp ec ie s  w ere  the " a r b i t r a ry  and ep h em era l"  u n its  of 
the p re -L in n aean  p eriod .
M ayr re m a rk s  th a t a new conceptual danger to  the evo lu tionary  
th eo ry  com es not from  m e ta p h y s ic s -- in  the fo rm  of "typo log icalism "
C O
o r "p e r fo rm ism " --b u t fro m  p h y sics . Some p h y sic is ts  who believe 
6 3in  red u c tio n ism  have a ttem p ted  to  e x p re ss  the law s of evolution in 
te rm s  of the law s of p h y sics . It i s  a lleged  th a t evolution is  one m o re  
e x p re ss io n  of the  g e n e ra l p rin c ip le  of i r r e v e r s ib i l i ty  em bodied in  the 
second law of th e rm o d y n am ics. Such "fac ile  analog ies have no o p e r­
a tiona l value. To d rag  the second law of therm odynam ics in to  the d is ­
cu ssio n  of evo lu tionary  i r r e v e r s ib i l i ty  confuses two d is tan t lev e ls  of
64in teg ra tio n , the atom ic le v e l and the lev e l of the phenotype. " M ayr 
concludes tha t th is  view com es "d an g ero u sly  c lose  to  p e rfo rm ism .
^^M ayr, p. 13.
^^Ibid.
6 3R eduction is  a  ph ilosoph ical view , gaining popu larity  in  r e ­
cent t im e s , w hich holds th a t law s of a  science  ( e .g . , biology) can be 
"red u ced "  to  m o re  fundam ental law s such a s  those  in  c h e m is try  and 
p h y sics . See H. F eig l, M. S eriven , and G. M axw ell, M innesota 
Studies in  the P h ilosophy  of S cience . Vol. II: C oncepts, T h e o rie s , 
and M ind-Body P ro b le m s , M inneapolis: U n iv e rs ity  of M innesota 
P r e s s ,  1963, 122-130.
64M ayr, p. 13.
^^Ibid.
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As a final note it m ay  be pointed out tha t the c la s s if ic a to ry  
sch em es in  biology, having  s ta r te d  fro m  p u re ly  observab le  c h a ra c te r ­
i s t ic s  of o rg an ism s, h a s  in c re a s in g ly  sh ifted  to  a th e o re tic a l b a s is .
The m orpho log ica l sp ec ie s  concep t, which dom inated an im al taxonom y 
during  the n ineteenth  and e a r ly  tw entieth  c e n tu r ie s , is  s tead ily  losing  
ground. The p r im a ry  c r ite r io n  of sp ec ie s  ran k  of a n a tu ra l population 
is  " rep ro d u c tiv e  iso la tio n . The degree  of m orpho log ica l d ifference 
is  a by -p ro d u ct of the genetic  d iscon tinu ity  re su ltin g  from  rep roductive  
iso la tio n . H ence, as an outgrow th of the th eo ry  of evolution, the 
m orpho log ica l b a s is  of c la s s if ic a tio n  cam e to  be rep laced  by one m o re  
deeply  im bedded in  th eo ry , n am ely  a phylogenetic b a s is .
i i .  P sycho logy . Both psychology and p sy ch ia try  have been  
p reoccup ied  w ith a ttem p ts  tow ards the developm ent of a  c la s s if ic a to ry  
schem e over the p a s t cen tu ry . Z ilboorg^^ and M enninger^^ have r e ­
view ed the h is to ry  of p sy ch ia try , "which in  m any w ays can be sa id  to
6 9be a h is to ry  of a ttem p ts  to  c la s s ify  psycholog ical d is o rd e rs . "
^^Two o rg an ism s th a t a re  unable to  in te rb re e d  a re  ca lled  
"rep ro d u c tiv e ly  iso la ted . "
67G. Z ilboorg  and G. W .  H enry , A H is to ry  of M edical P s y ­
chology, New York: W. W. N orton , 1941.
68 K. A. M enninger, The V ita l B alance, New York; Viking,
1963.
69L . L i. R obins, "A H is to r ic a l Review of C la ss ific a tio n  of
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Z ilboorg  s ta te s  that;
The question  of the c a u se s  of m en ta l d ise a se s  plagued 
the  cu rious o b se rv e r; even  i f  he w ere  inc lined  to  su b stitu te  
specu la tion  fo r know ledge, he s t i l l  w as cu rio u s  enough to 
rem a in  u n sa tis fied  and to hope fo r a  rea so n ab ly  sp ec ific  and 
su b stan tia l an sw er to h is  qu ery , A c la ss if ic a tio n  becam e 
th e re fo re  a p a r t ia l  p ro c lam atio n  of o n e 's  view s on the cau se s  
of v a rio u s  m en ta l d is e a s e s . . . . The n ineteenth  cen tu ry  
w as the golden age of d e sc rip tiv e  p sy ch ia try , fo r  a t no p r e ­
vious tim e had the p s y c h ia tr is t  a t h is  d isp o sa l such a g re a t 
num ber and v a r ie ty  of m en ta l d is e a s e s . To b rin g  som e 
o rd e r  in to  the m a ss  of fa c ts  o b serv ed  th e re  w as n a tu ra lly  
the need to  c la s s ify  the data.
T hus, psychology, like  any o th e r sc ien ce , s ta r ts  w ith o b serv ed  
phenom ena and a ttem p ts  to  develop a s e t of p ro p o sitio n s , a th eo ry , th a t 
would b rin g  "som e o rd e r  in to  the m a ss  of fa c ts  o b served . " A study  of 
the  c la s s if ic a to ry  w ork  in  th is  fie ld  i s  th e re fo re  of in te re s t ,  becau se  
th is  i s  m e re ly  a sp ec ific  in s tan ce  of a  g e n e ra l sc ien tif ic  ac tiv ity . T h is  
p ro v id es  an  opportunity  to , so to  speak , w atch the s c ie n tis t  a t w ork , 
and to  see  the p ro b lem s he faces  in  sp ec ific  te rm s . T h is i s  a m ethod 
of studying the g e n e ra l p rob lem  of c la s s if ic a tio n  in  co n c re to .
But th e re  is  an o th er, p e rh ap s  m o re  im p o rtan t, re a so n  fo r 
se lec tin g  psychology as a  co n cre te  m edium  of the study of the  c la s s i ­
fica tio n  p rob lem . T his h a s  to  do w ith the  n a tu re  of the "ob serv ed "
B eh av io r D iso rd e rs  and One C u rre n t P e r s p e c t iv e ,"  The C la ss if ic a tio n  
of B eh av io r D is o rd e rs , L eo n ard  D. E ro n , C hicago: A ldine P u b lish in g  
C om pany, 1966, p . 8 .
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Z ilboorg , p. 420, a s  quoted in  R obins, ib id . , pp. 8 -9 .
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phenom ena in psychology. I t is  the question  of the ob jec tiv ity  of such 
ob serv a tio n s  and the degree  of th e ir  dependence on th e o re tic a l p reco n ­
cep tions th a t m akes the fie ld  p a r tic u la r ly  in te re s tin g  fo r m ethodological 
co m p ariso n s  w ith econom ics. T his point w ill be e lab o ra ted  upon in  
som e d e ta il.
A th ird  fe a tu re  of in te re s t ,  w ith an in te re s tin g  p a ra lle l in 
econom ics, is  re la te d  to  the g e n e ra l accep tance  of the  F reu d ian  th eo ­
re t ic a l  sy s te m , o r m od ifica tions th e re o f, by  the v a rio u s  schools in  
psychology. It is  the re s e m b la n c e - - in  a m ethodolog ical s e n s e - -o f  the 
F reu d ian  sy stem  w ith the p reva iling  sy stem  in  econom ic th e o ry  th a t is  
of in te r e s t  h e re . Both sy s te m s  a re  c h a ra c te r iz e d  by a g ian t th eo ­
r e t ic a l  s u p e rs tru c tu re  b u ilt on a  n a rro w  b a se  of e m p ir ic a l o b se r-
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v a tio n s . The above p ro p o sitio n s  w ill be e lab o ra ted  upon in  the 
follow ing sec tio n s .
a . F reu d ia n  o b serv a tio n s . To be su re  the F reu d ian  influence 
am ong p sy ch o lo g ists  is  le s s  today  than  a decade o r  two ago. H ow ever 
the g e n e ra l a c c e p tab ility  of F reu d ian ism  (o r lack  of it)  is  not
71 F reu d  s ta r te d  w ith  two o b serv a tio n s : (1) th a t h is  pa tien ts  
had fo rgo tten  m any fa c ts  of th e ir  liv e s ; (2 ) even ts th a t had been  fo r ­
go tten  had  in  som e w ay o r  o th e r been  painful. F reu d  p roceeded  to 
bu ild  a  g ian t s u p e rs tru c tu re  of a ssu m p tio n s  to  account fo r  th ese  two 
o b serv a tio n s: sex u a l (lib ido) and death in s tin c t, ca thex is  o r psychic 
en erg y , c en so rsh ip  o r  a n ti-c a th ex is  a f te r  re p re s s io n , and c ircu ito u s  
ro u te s  and d isg u ise s  by m eans of w hich re p re s s e d  im p u lse s  gain  en­
tra n c e  to  co n sc io u sn ess ; see H a rry  K. W ells , Sigmund F reud : A 
P av lov ian  C ritiq u e , New York: In te rn a tio n a l P u b lish e rs , 1960, pp. 
53-66.
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n e c e s sa ry  fo r the  p u rp o se  of the  d iscu ss io n  in  th is  ch ap te r . The
m ethod of F re u d  is  in te re s t in g  and h as  som e p a ra lle ls  in  econom ics.
T hat is  why i t  i s  stud ied  h e re  in  som e d e ta il.
"The d o c trin e  of re p re s s io n , " F reu d  w ro te , " is  the outcom e of
psychoanaly tic  w ork , a th e o re tic  in fe ren ce  leg itim a te ly  draw n fro m  in -
72num erab le  o b se rv a tio n s . " T hese  o b serv a tio n s  w ere  m ade by m eans
of d ream  in te rp re ta tio n  w ith the a id  of f re e  a sso c ia tio n  and the m eaning
of sym bols. The " in n u m erab le  o b se rv a tio n s"  re la te d  to  the following
th re e  phenom ena; (1 ) d re a m  a n a ly s is  and f re e  a sso c ia tio n  re v e a le d
th a t the p a tien t had fo rg o tten  m any fa c ts  of h is  p ast life; (2 ) every th ing
th a t had been fo rg o tten  had  in  som e w ay o r  o th e r been  p a in fu l- -e ith e r
a la rm in g  o r  d isag ree a b le  o r sham efu l by  the s tan d a rd s  of the su b je c t 's
p e rso n a lity ; (3) to  b rin g  the p a tien t to  re m e m b e r  the fo rg o tten  fac ts  of
h is  life  i t  w as n e c e s s a ry  to  overcom e som eth ing  th a t fought ag a in s t
th e i r  r e c a l l - - i t  w as n e c e s s a ry  fo r  the an a ly s t to  m ake an expend itu re
73of e ffo rt to  com pel and subdue i t .
Now, in  the case  of any sp ec ific  p a tien t the fa c ts  to  be o b serv ed  
a re  the con ten ts of h is  lo n g -fo rg o tten  e x p e r ie n c e s , thoughts, o r  im ­
p u lse s . But th e se  a re  no t re a d ily  availab le  and m u s t, th e re fo re , be
72Sigm und F re u d , New In tro d u c to ry  L e c tu re s  on P sy ch o ­
a n a ly s is , New York: John W iley and Sons, 1933, p. 131, as  quoted in  
W ells , ib id . , p. 53.
73F o r  a  d e ta iled  account of th ese  see  W ells , pp. 53-99.
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detec ted  by the analyst. As a ids in  th is  p ro c e ss  of de tec tion  of fo r ­
gotten  m a te r ia ls  or unconscious m e m o rie s , F reu d  re lie d  on such 
observab le  phenom ena as  sym ptom atic  ac tio n s, fo r exam ple fingering  
ob jects o r tapping with f in g e rs  during the a n a ly s is . Slips of tongue and 
pen, e r r o r s  involving fo rgetting  of w hatever kind, and developing a tti - 
tude on the p a r t of the su b jec t d irec ted  tow ard  the analy st w ere  to  be 
c lo se ly  observed . By m eans of a ll th ese  in d ica tio n s, but p r im a r i ly  by
m eans of the in te rp re ta tio n  of d re a m s, F reu d  sought to d isco v e r the un-
74conscious forgo tten  m a te r ia l  s to re d  in  the low er depths of the m ind.
The ob serv a tio n a l ta sk  of the an aly st is  twofold; to  iden tify  the 
d isgu ised  fo rm s and to p e n e tra te  through the  d isgu ise  to  uncover the 
o rig in a lly  r e p re s s e d  and long -fo rgo tten  im p u lse . The d isgu ised  fo rm s 
a re  sym ptom atic  and im pulsive  changes in  the m o to r ac tiv ity  of b e ­
h av io r. Behind such sym ptom s l ie s  the re p re s s io n  of som e b io log ical 
in s tin c t som etim e during  the p a tie n t 's  life . D i s g u i s e s  a re  m eans by
75which re p re s s e d  in s tin c tu a l im p u lses  gain en tran ce  to  co n sc iousness.
As to  the natu re  of in s tin c ts  and F re u d 's  choice of d istinc tion
and c la ss ific a tio n  of them , he ask s; "Now w hat in s tin c ts  and how m any
76should be postu la ted?  " (E m phasis added, M. M. ) If only o ther
74Ib id . , p. 54.
^^ Ib id ., pp. 56, 6 6 . 
7fi
Ib id . ,  p. 71.
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sc ie n c es  such as physiology and biology had su ccess fu lly  in v estig a ted  
the p ro b lem , i t  would not be n e c e s sa ry  fo r psychology to  m ake a rb i­
t r a r y  assu m p tio n s . S ince  th e re  w as no such knowledge availab le  then ,
no r e a l  objection could be ra is e d  ag a in st anyone 's  choice. "When th e re
77is  no v e rif ie d  know ledge, th e re  is  am ple room  fo r  a rb i t r a ry  cho ice . "
T hus, F re u d  p ro ceed s w ith h is  th e o ry  building on specu la tive  grounds:
"On the b a s is  of specu la tion  concern ing  the o rig in  of life . . . , I drew
the conclusion  th a t, " b e s id e s  the e ro tic  in s tin c t, " th e re  m u st e x is t an-
78o th e r in  an tith e s is  to  th is , " the death  in s tin c t . "We suppose, " he
say s , " th a t th e re  a re  two fundam entally  d ifferen t kinds of 
79in s tin c ts . . . . "
T h is  specu la tive  app roach  w as by  no m eans a  m a tte r  of free  
choice bu t d ic ta ted  to  F reu d  by  the co n tem p o rary  gap in  the physio logy 
of hum an b ra in  and in  c e r e b ra l  knowledge in  g e n e ra l. Lacking such 
know ledge, F reu d  re s o r te d , of n e c e ss ity , to  c o n stru c t h is  "M eta­
psychology" (F re u d 's  te rm ), nam ely , psychological specu la tion , the 
p sycho log ica l c o u n te rp a rt of m e tap h y sic s . "The la t te r  h a s  alw ays
78Sigm und F reu d , C iv iliza tio n  and I ts  D iscon ten t, pp. 97-98, 
as  quoted in  W ells , p. 72.
79F reu d , New In tro d u c to ry  L e c tu re s  . . . , p. 147, a s  
quoted in  W ells, p. 72.
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been , h is to r ic a lly , in  any field  a  su b stitu te  fo r  sc ien tific  knowledge."^® 
Some exponents of F reu d  argue  th a t p sych o an a ly sis  is  w ithout 
q uestion  founded on observ atio n  of p a tien ts . The b a s ic  w orking theo ­
r ie s  of the  unconscious, re p re s s io n , sub lim ation , re g re s s io n , fixation  
and the like  a re  sa id  to  be the outcom e of p ra c tic a l  experience  and to  
be th u s  independent and sep a rab le  fro m  F re u d 's  m etapsychology, th a t 
i s ,  h is  o v e ra ll th e o re tic a l s tru c tu re . The c la im  is  m ade th a t F reu d  
the psychoanalyst founded a science  of unconscious m en ta l life b ased  
on h is  w ork  w ith h is  p a tien ts . But W ells  h as  exam ined m any of th ese
"com ponent th e o r ie s "  and concludes th a t they  ex p lic itly  re ly  on the
81m etapsycho log ica l assu m p tio n s . W ells  no tes th a t the  "v e ry  'o b s e r ­
v a tio n s ' th e m se lv e s  w e re  d e te rm in ed  by  the concept of the h e re d ita ry  
m en ta l a p p a ra tu s , e sp e c ia lly  by  the assu m p tio n  of an  innate  a rch a ic
language of the  unconscious in  the fo rm  of s te reo ty p ed  sym bols b io-
82lo g ica lly  in h e rite d  by  m an. "
W ells  p ro ceed s  to  s ta te  that:
The fac t th a t F re u d 's  'o b se rv a tio n ' of d re a m s  and the 
like  a re  seen  through  the co lo red  g la ss  of in b o rn  sexual 
sy m b o lism , tra n s fo rm s  th ese  'o b se rv a tio n s ' in to  in te r ­
p re ta tio n s . In h is  th eo ry  of re p re s s io n , of d re a m s , of
o n
W ells , p. 81.
O 1
I b id . ,  p. 221.
OO
I b id . , pp. 221-222.
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c h a ra c te r  fo rm atio n  and of the e tio logy  of the n e u ro se s , 
the 'o b se rv a tio n s ' have a lre a d y  p assed  through a dye 
p ro c e ss  in d e lib ly  im buing them  w ith specu la tiv e , 
m y th ica l h u e s . If th is  is  tru e  of the o b serv a tio n s , the 
raw  m a te r ia l  of the  th e o r ie s , i t  is  a ll  the m ore  tru e  of
O O  '
the  th e o r ie s  th e m se lv e s .
Thus the contention  th a t the sp ecu la tiv e  p a r t  of F reu d ian  sy s tem  can 
be d isc a rd e d  w hile sav ing  the p u re  a lloy  of h is  o b serv a tio n s  is  u tte r ly  
unfounded. F re u d 's  m etapsycho logy  i s  the sine qua non of a ll  h is  
o b se rv a tio n s .
M ethodolog ically  W ells  l i s t s  e leven  c h a ra c te r is t ic s  of the 
F reu d ia n  sy s te m , th re e  of w hich a re  of in te re s t  to  th is  d iscussion :
F i r s t ,  F r e u d 's  g e n e ra l app roach  is  p u re ly  m en ta l. Paying  lip  
se rv ic e  to  the  e s ta b lish e d  fac t th a t m ind is  a  function of the b ra in , he 
p ro ceed s  as  i f  the  hum an psyche w e re  an independent, d isem bodied  
phenom enon. "T ech n ica lly , th is  app roach  is  ca lled  d u a lis tic  id e a lism  
in  the  p sycho log ica l fo rm  of p sychophysical p a ra lle l ism .
Second, h is  concep tua l m a te r ia l  i s  in  la rg e  p a r t  draw n fro m  
the by-w ays of hum an in te lle c tu a l h is to ry . He ex p lic itly  re s e rv e d  the 
r ig h t to  s e le c t th o se  id e a s  and th e o r ie s  which su ited  h is  pu rpose  o r 
need: "T ech n ica lly , th is  should be te rm e d  expedient e c le c tic ism . "
O O
Ib id . ,  p. 222.
^ ^ Ib id . , p. 224.
®^Ibid.
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T h ird , h is  m ethod of o b se rv a tio n  i s  p r im a r i ly  sym bol-
tra n s la t io n  of the im a g e ry  of d re a m s , fa n ta s ie s , s lip s -o f-to n g u e  and
pen, sym ptom atic  ac tio n s , unconscious a sso c ia tio n s  and n eu ro tic
sym p to m s. B y th is  "em p iric a l"m e th o d , in  the  f i r s t  p lace  p ra c tic e d
on h im se lf , he co llec ted  the  "o b se rv a tio n a l m a te r ia l"  out of w hich h is
th e o r ie s  w e re  co n stru c ted . "T ech n ica lly , th is  m ethod should  be
86ca lled  e s o te r ic  in tro sp e c tio n . "
In c o n tra s t  to F re u d , P av lov  conceived  of the  b a s is  of hum an 
m en ta l a c tiv ity  in  te rm s  of the  c e r e b ra l  h e m isp h e re s  and th e ir  func­
tion ing . He he ld  th a t psychology and p sy c h ia try  could not develop 
m uch fu r th e r  as sc ie n c es  u n til the  physio logy of h ig h e r n e rv o u s 
ac tiv ity  had  la id  a  f irm  foundation on w hich th ey  could be b u ilt.
P av lo v  in itia te d  the w ork  in  th is  d ire c tio n  and developed h is  
th e o ry  of conditioned re f le x  e n tire ly  a s  g e n e ra liz a tio n s  fro m  e x p e r i­
m en ta lly  d e riv ed  fa c ts . T hese  g e n e ra liz a tio n s  w e re  then  te s te d  and 
re v is e d  in  the  co u rse  of in n u m erab le  fu r th e r  e x p e r im e n ts , lead ing
ev en tu a lly  to  v e rif ie d , and v e rif ia b le , law s and th e o re tic a l  con-
1 • 87e lu sio n s .
O C
I b id . , pp. 224-225.
87An ex ce llen t in tro d u ctio n  fo r  a  g e n e ra l-p u rp o se  r e a d e r  to  
P a v lo v 's  w o rk  is  H a r ry  K. W ells , Pavlov: T ow ards a  Scien tific  
P sycho logy  and P s y c h ia try , New York: In te rn a tio n a l P u b lish e rs , 
1956, F o r  a  c o n tra s t of P av lov  and F reu d  see  W ells, Sigm und 
F re u d  . . . .
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W ells concludes th a t even the P avlovian  approach  does not 
provide a suffic ien t b a s is  fo r the developm ent of the sc ien ces  of 
p sy ch ia try  and psychology. Scientific  psychology should  not lim it i t ­
s e lf  to a knowledge of c e re b ra l  physiology. Since env ironm ent is  
such an e s s e n tia l  fac to r in  the d e te rm in a tio n  of hum an psychic  qu a li­
t ie s ,  a  sc ien tific  knowledge of so c ie ty  is  ind isp en sib le . Thus, so c ia l 
sc ie n c es  and th e ir  developm ent a re  n e c e s sa ry  p recond itions fo r fu r ­
th e r  advances in  psychology. On the o th er hand the understand ing  of 
c e re b ra l  physiology i s  dependent on developm ents in  b iophysics and 
b io c h em is try  of hum an n ervous sy stem . In a ll  c a se s  a  sc ien tific  
ep istom ology  is  re q u ire d  to  continually  rem ind  the in v e s tig a to r of the 
n e c e s s ity  of avoiding specu la tive  assu m p tio n s , and to  in s is t  on objec­
tive  (as opposed to in tro sp e c tiv e ) o b servation  to  be c la s s if ie d  and 
in te rp re te d  by  w e ll-e s ta b lish e d  m ethods of sc ien tific  g en era liz a tio n . 
H ow ever, in  c e r ta in  c a s e s  in tro sp ec tio n  m ay  prove u sefu l as  a  guide 
to  hypo thesis fo rm u la tion . But a t a ll  tim e s  independent, objective 
te s t s  a re  the u ltim a te  fa c to r  tow ards estab lish in g  the tru th  of a  given 
p roposition .
A d ifferen t point of view , h eav ily  b ased  on o b serv a tio n  of
v a rio u s  an im als  is  em erg in g , tra c in g  hum an beh av io r to  i ts  em bryonic
88fo rm s  among an im a ls . This approach  a lleg es  tha t i t  r e s t s  on
8 8 A v e ry  fascinating  in troduction  to  th ese  w orks m ay  be found 
in  W illiam  E tk in , Social B ehav io r fro m  F ish  to  M an, Chicago:
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b io lo g ica l and eco log ica l grounds and th a t i t  i s  e s se n tia lly  the ap p li­
cation  of D arw inian th eo ry  of evolution to  the p rob lem  of " so c ia lity "
89am ong an im als  and m an. In sp ite  of the p lau sib ility  of m any con­
c lu sions of th is  approach  i t  su ffe rs  fro m  a num ber of s e r io u s  m ethod-
90o log ica l w e ak n e sse s . A c lo se  exam ination  of E ik en 's  "etho log ica l 
concept of in s tin c t"  re v e a ls  the specu la tive  n a tu re  of h is  approach . 
E lab o ra tio n  on th is  point is  h a rd ly  ju s tifiab le  h e re .
The above sch em atic  study of the n a tu re  of F reu d ian  o b se r­
vations point to  the unescapab le  conclusion  th a t B aconian e m p ir ic ism , 
re ly in g  on s o -c a lle d  "pure  o b se rv a tio n s"  can  be s e r io u s ly  m islead ing  
if  i t  i s  not a ttended  by the c r i t ic a l  s p i r i t  of sc ien tif ic  ob jectiv ity . In 
fac t, i t  w as p re c is e ly  the tra d itio n  of the  B ritish  e m p iric ism  tha t 
d eg en e ra ted  in to  the  "sc ien ce  of sp ir itu a lism "  (? 1 ) in  the la t te r  p a r t 
of the  n ineteen th  c en tu ry . F o r  exam ple , the  v e ry  em inent zoologist 
and b o ta n is t, A lfred  R u sse l W allace , the m an who s im u ltan eo u sly  w ith 
D arw in put fo rw ard  the th e o ry  of the  evolution of sp ec ie s  by n a tu ra l 
se lec tio n , pub lished  in  1875 h is  " sp ir i tu a l  s tu d ies" ; On M ira c le s  and
Pheonix B ooks, The U n iv e rs ity  of Chicago P r e s s ,  1967.
89Ib id ., p . 4.
90U nfortunate ly  even  a  sch em atic  exam ination  of th is  approach  
would dem and a lengthy  d ig re ss io n  w hich is  not deem ed ju s tif ied  due 
to  scope co n sid e ra tio n s .
91 "I E tk in , pp. 78-84.
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M odem  S p ir itu a lism . A second em inen t sc ie n tis t  who joined the ran k
of s p ir i tu a lis ts  w as W illiam  C rookes, the d isc o v e re r  of the chem ica l
e lem en t tha llium  and the ra d io m e te r . He began h is  s p ir itu a l w ork  in
1871 and, fa ithfu l to  the  tra d itio n  of e m p ir ic ism , em ployed fo r th is
purpose  a num ber of p h y sica l and m echan ica l app liances, sp rin g
b a lan ces , e le c tr ic  b a t te r ie s ,  e tc . T h is  M r. C rookes "succeeded"
in  sc ie n tif ic a lly  de te rm in in g  how m uch w eight is  lo s t by tab le s  and
o th e r a r t ic le s  of fu rn itu re  in  the  p re sen ce  of s p ir i ts  1.1 S im ila rly
M r. W allace d ec la red  i t  sc ie n tif ic a lly  p roven  th a t f ire  does no h a rm
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to  the hum an body in  the w o rld  of s p ir i ts .
I t can be sa id , th e re fo re , th a t observ a tio n  i s  an in tr ic a te  
p a r t  of sc ien tific  in q u iry , th a t i t  i s  an in te g ra l p a r t  of the whole p ro ­
c e s s  of in q u iry , th a t tak en  by i ts e lf  and in  sep a ra tio n  fro m  th e o re tic a l
93knowledge i t  can lead  to  ab su rd  re s u l ts ,  and th a t i t  cannot be sup­
p re s se d  and done aw ay w ith in  the in te re s t  of th eo ry . T heo ry  and 
ob serv a tio n  a re  the two in sep a ra b le  p a r ts  of any sc ien tific  ac tiv ity .
It i s  the dynam ic in te rdependence  of the two tha t leads the p ro c e ss  of 
in q u iry  to  the d isco v e ry  of law s of n a tu re . Any d isc ip lin e  tha t de­
p a r ts  fro m  th is  fundam ental m ethodolog ical axiom  is  bound to  be
92F o r  re fe re n c e s  to  w orks of W allace and C rookes see F. 
E n g les , D ia lec tic s  of N a tu re , t r a n s .  C lem ens D utt, New York: I n te r ­
national P u b lish e rs , 1940, C h ap ter X.
93I t  should be noted th a t m uch of su p e rs titio n , re lig io u s  o r 
o th e rw ise , in  p r im itiv e  so c ie tie s , w ere  the re su lt of d ire c t o b se r­
vation!
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f ru s tr a te d  in  ac tu a l app lication . E conom ics is  in  such a s ta te  p a r  
94ex ce llen ce .
b . C la ss if ic a tio n  in  psychology. The p reced ing  sec tion  
d e a lt w ith two a sp e c ts  of the p ro c e ss  of observ a tio n  in  psychology; 
the n a rro w  e m p ir ic a l b ase  of som e psycho log ica l th e o re tic  sy stem s; 
and the p re d e te rm in ed  n a tu re  of the e m p ir ic a l o b serv a tio n s  in  the 
sen se  th a t th ey  depend on th e o re tic a l p reco n cep tio n s .
In  th is  sec tio n  the p ro b lem  of c la s s if ic a tio n  of psychological 
o b se rv a tio n s  w ill be s tud ied .
P r io r  to  the  developm ent of p sycho log ica l th e o r ie s , a ll p sy ch i­
a t r ic  d iagnoses w ere  b a sed  on the p ra c t ic a l  knowledge of the p h y sic ian s . 
I t  w as  freq u en tly  p o ssib le  to  p re d ic t "w hat w ill be" fro m  "w hat is "  even  
though i t  w as not (and s t i l l  i s  not) p o ssib le  to  s ta te  why. The e sse n ce  
of p re s e n t p sy ch ia tr ic  d iagnosis is  to  u tiliz e  d e sc rip tiv e  concatena­
tio n s  th a t have c o ro lla r ie s  in  the  p a s t, p re se n t, and fu tu re . I t  is  
b a se d  upon the aw are n e ss  th a t the  coex is ten ce  of v a rio u s  c lin ica l 
phenom ena i s  not m e re ly  co inciden ta l, bu t th a t th e re  a re  som e an te ­
ceden t fa c to rs  th a t have led  to  th e ir  ap p ea ran ce , and th a t th e re  ex is ts
95
a  "u su a l"  fu tu re  co u rse .
94T h is  a lleg a tio n  w ill be su b s tan tia ted  in  the following sec tio n s . 
R obins, pp. 7-8 .
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T hroughout m o s t of the  n ineteen th  c en tu ry  a ll  e ffo r ts  a t c la s s i ­
fica tio n  w ere  b ased  p r im a r i ly  on the sym ptom s of m en ta l conditions, 
and l it t le  ligh t w as shed  on etio logy . V arious new c la s s if ic a tio n s  
added to  the v a s tn e ss  of p sy ch ia tr ic  te rm in o lo g y , but th ey  w e re  sh o rt 
lived . As long a s  th e re  w as no u n ita ry  p rin c ip le  fo r  c la s s if ic a tio n s
96th e re  could be nothing bu t te rm in o lo g ica l a ttem p ts  a t im p ro v em en t.
The c la s s if ic a to ry  am bition  w as so  conspicuous during  th is
p e rio d  th a t the co m p o se r H ec to r B e rlio z  "w as p rom pted  to  re m a rk
th a t a f te r  th e ir  s tu d ie s  have been  com pleted  a rh e to r ic ia n  w r ite s  a
97tra g e d y  and p s y c h ia tr is t  a c la ss if ic a tio n . "
As fo r the  p re s e n t c la ss if ic a tio n  s y s te m s , Robins no tes th a t a
rev iew  of th e se  "d e m o n s tra te s  the  need  fo r m a jo r  e ffo r t to  ach ieve
som e d eg ree  of u n ifo rm ity  in  o u r n o m encla tu re  by  a t le a s t  a g re e in g
on o p e ra tio n a l ' fin itions fo r  c e r ta in  types of ab n o rm a l b eh av io r
r a th e r  than  a ttem p ting  to  ach ieve ag reem en t in  re g a rd  to  h y p o th e tica l 
98i l ln e s s e s . "
Robins r e f e r s  to  S ten g e l's  c r i t e r ia  fo r  u se fu ln ess  of sc ien tif ic  
concep ts in  c la s s if ic a to ry  w orks;
^^Ibid:, p . 11.
97Z ilb o o rg , p. 450, a s  quoted by Robins in  E ro n , p. 12.
98Robins, ib id . , p. 16.
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A good taxonom ic sy stem  is  based  on, and re f le c ts , 
a m o re  o r le s s  com prehensive  sy stem  of law s. . . .
T hese  sy s tem s  w ill change with the th e o re tic a l advances 
m ade in  the fie ld . S ystem s of c la s se s  defined in  te rm s  
of m an ife st observab le  c h a ra c te r is t ic s  give w ay to  sy s tem s  
w hose defining p r in c ip le s  a re  couched in  te rm s  of theo­
r e t ic a l  concep ts.
A usefu l notion has  been  in troduced  by  Hem pel; the " sy s te m ­
a tic  im p o rt"  of a concept. To illu c id a te  th is  notion H em pel r e ­
m a rk s  tha t to  be sc ie n tif ic a lly  u sefu l a  concept m ust lend i ts e lf  to  the 
fo rm u la tion  of g en e ra l law s o r  th e o re tic a l p rin c ip le s  which re f le c t 
u n ifo rm itie s  in  the su b jec t m a tte r  under study, and which thus p ro ­
vide a  b a s is  fo r  exp lanation , p red ic tio n , and g en e ra lly  sc ien tific  
u n d ers tan d in g . T h is a sp ec t of a  s e t of sc ien tific  concepts w ill be 
ca lled  i t s  sy s tem a tic  im p o rt, fo r  i t  re p re s e n ts  the con tribu tion  the 
concep ts m ake to  the sy stem a tiza tio n  of knowledge in  the given fie ld  
by  m eans of law and th e o r ie s .
In re la tio n  to c la s s if ic a to ry  w ork H em pel finds the notion  of 
sy s te m a tic  im p o rt u sefu l. He no tes th a t the " fa m ilia r  vague d is tin c ­
tio n  betw een 'n a tu ra l ' and 'a r t i f ic ia l ' c la s s if ic a tio n s"  h as  to  do w ith
QQ
E . Stengel, "C lass ific a tio n  of M ental D iso rd e rs , " B u lle tin  
of W orld  H ealth  O rg an iza tio n , XXI, 1959, 612 , as  quoted by  Robins 
in  E ro n , ib id .
^^^C arl G. H em pel, A spects of Scientific E xplanation  and 
O th er E ssa y s  in  the Philosophy  of Science, New York: The F re e  
P r e s s ,  1965, p. 146.
^°^Ibid.
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w h eth er o r not the given sy s tem  of c la s s if ic a tio n  is  sc ien tif ica lly  
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u sefu l. In a "n a tu ra l"  c la ss if ic a tio n  those c h a ra c te r is t ic s  of the 
e lem en ts  which se rv e  as  a c r i te r ia  of m em b ersh ip  in  a  given c la s s  
a re  a sso c ia te d  w ith m ore  o r  le s s  ex tensive  c lu s te r s  of o ther 
c h a ra c te r is t ic s .  F o r  exam ple, the two s e ts  of p r im a ry  sex c h a ra c te r ­
is t ic s  w hich d e te rm in e  the d iv ision  of hum ans in to  m ale  and fem ale 
a re  each  a sso c ia te d  w ith a la rg e  v a r ie ty  of concom itant physica l, 
physio log ical, and p sycho log ica l t r a i t s ,  " it i s  u n d erstandab le  th a t a 
c la s s if ic a tio n  of th is  s o r t  should be v iew ed as  som ehow having objec­
tive  ex is ten ce  in  n a tu re . . . in  co n trad is tin c tio n  to  'a r t i f ic ia l ' 
c la s s if ic a tio n s , in  w hich the defining c h a ra c te r is t ic s  have few exp lan­
a to ry  o r  p red ic tiv e  connections w ith o th e r t r a i t s ;  a s  i s  the  c a se , fo r
exam ple , in  the d iv ision  of hum ans in to  those  w eighing le s s  than one
103hundred  pounds, and a ll o th e rs . "
As H em pel h a s  in d ica ted  th is  p rin c ip le  h a s  i t s  p a ra lle ls  in  
c h e m is try  and b iology. The e lem en ts  p o ta ss iu m , sodium , caesiu m , 
rub id ium , and lith iu m , w hich a re  g rouped to g e th e r as fo rm ing  the 
c la s s  of a lkala i m e ta ls , have m any c h a ra c te r is t ic s  in  com m on: they
^°^Ibid.
103H em pel c la r if ie s  h is  position  by adding fu r th e r  th a t the 
above d is tin c tio n  o r  o th e r such a r t i f ic ia l  d is tin c tio n s  a re  not n e ce s ­
s a r i ly  u s e le s s  fo r  c e r ta in  sp ec ific  p u rp o se s . H ow ever, in  such c a se s  
"the sy s te m a tic  im p o rt of the  sy s te m  would seem  to  be quite sm a ll. " 
I b id . , p. 147.
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a ll com bine e n e rg e tic a lly  w ith oxygen, decom pose in  w a te r  at v a rio u s  
te m p e ra tu re s , and fo rm  s tro n g ly  b a sic  oxides th a t a re  h ighly  so luble 
in  w a te r; th e ir  c a rb o n a te s  a re  soluble in  w a te r , and so fo rth .
P e rh a p s  the m ost s tr ik in g  exam ple of a c la ss if ic a tio n  re fle c tin g  
a g e n e ra l law is  the p e rio d ic  sy s te m  of the e lem en ts  d isco v e red  by 
M endeleev. On the b a s is  of th is  tab le  M endeleev p red ic ted  the 
specific  c h a ra c te r is t ic s  of som e e lem en ts  w hich w ere  not known then . 
The con firm ation  of th e se  p re d ic tio n s  by la te r  re s e a rc h  w as quite im ­
p re s s iv e . F u r th e r  advances in  p h y sics  and c h em is try  p rov ided  a 
d eep er th e o re tic a l foundation fo r  the  sy s te m , showing th a t it r e f le c ts ,  
in  the  c la s s e s  re p re se n te d  by  the co lum ns of the pe rio d ic  ta b le , c e r ­
ta in  s im ila r i t ie s  and d iffe ren c es  in  the a tom ic  s tru c tu re  of the 
e lem en ts .
In  the case  of b io logy, a s  i t  w as noted e a r l ie r ,  th e re  h as  
o c cu rred  a  sh ift from  a m orpho log ica l b a s is  of c la ss if ic a tio n  to  a 
phylogenetic one, the  la t te r  p rov id ing  a  d eep e r th e o re tic a l ro o t w ith a 
la rg e  num b er of fu n c tio n a l-p h y sio lo g ica l c h a ra c te r is t ic s  being  a s s o c i­
ated  w ith each  c la s s .
H aving d eriv ed  the  notion of " sy s te m a tic  im p o rt"  of a  s e t of 
concepts c o r re c t ly  on the b a s is  of h is  study  of c la ss if ic a tio n  in  
c h e m is try  and biology, H em pel jum ps to  som e v e ry  doubtful conclu ­
sions about the app lica tion  of h is  p rin c ip le  to  the c la ss if ic a tio n  of 
m en ta l d is o rd e rs . In th is  connection  he w rite s  that:
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The concep ts  de term in in g  the v a rio u s  c la s s e s  o r  
c a te g o rie s  d is tin g u ish ed  now a re  no longer defined ju s t 
in  te r m s  of sym ptom s, but r a th e r  in  te rm s  of the key  
concep ts of th e o r ie s  [s ic i ] w hich a re  in tended  to  explain  
[sicI ] the o b serv ab le  b eh av io r, including  the sym ptom s 
in  q u estion .
H em pel g iv es  a  g e n e ra l re fe re n c e  to  the c h a ra c te r iz a tio n  of the
v a rio u s  c a te g o r ie s  of p sychoneuro tic  d is o rd e rs ,  as  d e sc rib e d  in  the
105D iagnostic and S ta tis tic a l M anual, in  o rd e r  to  su b stan tia te  h is  
r e m a rk s , H em pel fa ils  to  note th a t th e re  can be u s e le s s  th e o rie s  
a s  w ell as u se fu l on es, and th a t i t  i s  p re c is e ly  the ir re le v a n c e  of the 
p rev a ilin g  p sy cho log ica l th e o r ie s  th a t have m ade a m eaningful c la s s i ­
fica tio n  of m en ta l d is o rd e rs  a  specu la tive  e x e rc is e  in  " sy s te m  bu ild ­
ing , " and a  s c h o la s tic  m e tic u lo s ity  in  n o m en c la tu re , not a sc ien tific  
endeavor in  taxonom y. W hat o th e r re a so n  could exp lain  R ob ins 's
con fession  th a t "the tw en tie th  c en tu ry  finds u s , in  a  w ay, not m uch
107c lo s e r  to  an  adequate  sy s te m  fo r c lass ify in g  m en ta l d is o rd e rs .  "
H em pel does no t even su sp ec t th a t the  " th e o rie s"  he is  r e f e r ­
rin g  to  m ay  be fundam en ta lly  i r r e le v a n t ,  su b jec tiv e , and sp ecu la tive .
^°Sbid.
^A m erican  P s y c h ia tr ic  A sso c ia tio n , D iagnostic and S ta tis ­
t ic a l  M anual: M ental D iso rd e rs , W ashington, D. C . , 1952.
^H em pel, p . 149.
107Robins, p. 16.
85
In fac t, i t  i s  p re c is e ly  in  the ap p lica tion  of th e o ry  to  the  r e a l  
phenom ena and i t s  fa ilu re  to  find u n ifo rm itie s  in  the v a rio u s  m en ta l 
d is e a s e s , th a t i t s  b a r re n  n a tu re  co m p le te ly  re v e a ls  i ts e lf .  In fac t, 
the  m o re  " th e o re tic a l"  the w ork  on c la s s if ic a tio n  of m en ta l d is o rd e rs  
h a s  becom e, the m o re  chaos and confusion in flic ted  upon the p ra c ­
t i t io n e rs  in  the fie ld . W ith the advent of the  fan ta s tic  F re u d ia n ism  the 
d ifficu lties  have in c re a s e d  m anyfold . I t is  d ifficu lt to  find ex p lic it 
re fe re n c e s  to  th is  p ro b lem  in  the  l i te r a tu re .  T h is i s  only n a tu ra l be­
cause  an a tta ck  on F re u d ia n ism  is  a  taboo in  the p sy c h ia tr ic  and 
psycho log ica l p ro fe ss io n . But one can  re a d  betw een the  lin es : " F ro m  
p sy ch o an a ly sis , " w r ite s  R obins, "we have le a rn ed  m uch about th e  
continuum  betw een  m en ta l h ea lth  and m en ta l i l ln e s s . . . . In  a  w ay 
ou r ta sk  h a s  becom e som ew hat m o re  d ifficu lt, fo r  i t  i s  h a rd e r  and
h a rd e r  to  draw  lin e s  betw een  m en ta l h ea lth  and m e n ta l d is e a se , o r
108betw een one fo rm  of m en ta l d isfunc tion  and an o th er. " Now, th is  
g ives the im p re s s io n  th a t F re u d  he lp ed  illu c id a te  the e s s e n tia l  con­
tin u ity  in  m en ta l phenom ena ju s t a s  advances in  b io lo g ica l th e o r ie s  
e lim in a ted  som e of the r ig id it ie s  of the L innaeus c la s s if ic a tio n  of 
p lan ts . T h is  i s  not the  c a se . In  b io logy  fu r th e r  advances in  th e o ry  
p rov ided  a  m o re  d e e p -se a te d  foundation fo r  the L innaeus sy s te m , 
leav ing  m uch of the  o rig in a l c la s s if ic a tio n  in tac t. T h e o re tic a l
^°^Ibid., pp. 21-22.
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ad v an ces, fu r th e r , opened room  fo r m ass iv e  am ounts of fac ts  tha t 
w ere  con tinually  becom ing availab le . It i s  d ifferen t w ith psychology. 
H e re , the p re -F re u d ia n  se t-u p  lacked  any th e o re tic a l foundation and 
i t s  e m p ir ic a l u se fu ln e ss  w as m in im al. The in tro d u ctio n  of F reu d ian ­
ism  not only did not im prove  upon the ex istin g  c la ss if ic a tio n s , but i t  
e s s e n tia l ly  did aw ay w ith them . If th is  conclusion  is  d ifficult to  re ad  
in  the above quotation, then  the following should m ake the point c le a r  
beyond any doubt:
"D espite  the im p o rtan ce  of the con tribu tions of psychoanalysis 
to  o u r un d ers tan d in g  of im p o rtan t and undoubtedly e sse n tia l a sp ec ts  of 
m en ta l i l ln e s s e s , " w r ite s  R obins, "we a re  s t i l l  not m uch b e tte r  off in  
ou r e ffo rts  to c la s s ify  the phenom ena w ith w hich we a re  concerned . It 
is  not c e r ta in  w h e th er th ey  can a ll be o rd e re d  along som e continuum  or
w h e th er som e m u st be co n sid e red  se p a ra te ly  fro m  o th e rs ; and so our
109q u est fo r  knowledge reg a rd in g  th e ir  fundam ental e tio logy continues. ' 
T h is la ck  of con tribu tion  of p sychoanalysis  to  the d isco v e ry  of som e 
o rd e r  am ong psycho log ica l phenom ena is  the s u re s t  sign of i ts  e s se n ­
t ia l  s te r i l i ty .
But th is  i s  not a ll . Robins continues: "The psychodynam ic 
ap p ro ach es  can le g itim a te ly  lead  to  the  conclusions th a t th e re  i s  but 
one m en ta l i l ln e s s  w ith in fin ite  v a ria tio n s , th a t th e re  a re  as m any
^°^Ibid. , pp. 27-28.
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illn e s se s  as th e re  a re  people, o r  th a t th e re  i s  no such thing as m en ta l 
i l ln e s s , ju s t people. It i s  h e re  th a t the e p h em era l, e lu siv e , and
a rb i t r a r y  na tu re  of the th e o re tic a l concep ts of F reu d ian ism  a re  m o s t 
c le a r ly  d em o n stra ted . One is  tem p ted  to  bo rrow  the te rm  "m a llea ­
b ility "  from  M eade^^^ and apply i t  to the "sc ien ce"  of m enta l d is ­
o rd e rs . M eade defines a "p e rfe c tly  m alleab le"  cap ita l s tock  as one 
tha t can change i t s  co n cre te  n a tu re  in s tan tan eo u sly . F o r  exam ple, a 
t r a c to r  can in s tan tan eo u sly  be tra n s fo rm e d  in to  an autom obile and a 
tru c k . Thus, a " p e r fe c tly  m a lleab le "  hum an being is  one who can 
in s tan tan eo u sly  be tra n s fo rm e d  fro m  a "sch izo p h ren ic"  in to  a "m anic  
d e p re ss iv e "  o r  in to  a "n o rm a l"  ind iv idual. T h is s o r t  of absu rd  re s u lt  
is  the u n escapab le  fate  of any th e o ry  th a t b a se s  i ts e lf  not on observed  
phenom ena of n a tu re  bu t on som e sub jec tive  p resu p p o sitio n s  in  the 
head  of the th e o r is t .  P sycho logy  w as se le c ted  fo r the  study of th is  
m ethodological p ro b lem  b ecau se  i t ,  am ong se v e ra l " sc ie n ce s"  w ith 
s im ila r  m ethodolog ical p ro b le m s, m an ife s ts  the p ro b lem  in  its  
p u re s t fo rm .
Some p sy ch o log ists  have , in  re c e n t y e a r s ,  becom e aw are  of 
th is  m ethodological p ro b lem  in  th e ir  d isc ip lin e . F o r  exam ple, 
E isen b e rg  a tta ck s  the view th a t th e re  i s  only one m en ta l i lln e s s  w ith
E. M eade, A N e o -C la ss ic a l T heo ry  of Econom ic G row th, 
London: Oxford U n iv e rs ity  P r e s s ,  1962, chap. 1.
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infin ite  v a r ia tio n s - - th e  view that he c a lls  the "do ctrin e  of con- 
112tinu ity . " He holds th a t th is  doc trine  p re su p p o ses  the ex istence  of 
a sp ec tru m  on som e single d im e n s io n --u su a lly  s e v e r ity  of 
d y sfu n c tio n --th a t ex tends fro m  com plete  health  a t one end to sev e re  
i lln e s s  a t the o th e r. It is  supposed th a t a ll  points on th is  continuum  
a re  occupied, o r a re  a t le a s t  po ten tia lly  occupiab le . By th is  view , 
d isea se  nam es becom e lab e ls  ass igned  to  reg io n s  of the sp ec tru m  
m o re  o r le s s  a rb i t r a r i ly .  The phenom ena observed  in  the sick  would 
be reco g n izab le  in  l e s s e r  d eg ree  in  the healthy . T his doctrine  sug­
g e s ts  th a t a  given m ethod of p reven tion  o r  of tre a tm e n t would have
113equal ap p licab ility  to  a ll  of the sym ptom atic  d is o rd e rs .
B ut the "d o c trin e  of d iscontinu ity" p re su p p o ses  qualita tive  
tra n s itio n s  betw een s ta te s  of health  and s ta te s  of d isea se . Such t r a n ­
sitio n s  m ay  be the r e s u lt  of fa c to rs  not p re se n t in  the healthy  o r of
fa c to rs  w hich, though p re se n t in  the health y , have "atta ined  su p e r- 
114th re sh o ld  lev e ls . " A ccordingly , d ise a se  s ta te s  could not be 
o rd e re d  m eaningfu lly  on the b a s is  of a single d im ension , but would 
d iffe r fro m  one an o ther as  fundam entally  as  they  d iffe r fro m  health .
1 1 2 Leon E ise n b e rg , "The C la ss if ic a tio n  of P sycho tic  D is­
o rd e rs  in  C hildhood ," E ro n , p. 89,
113
Ib id . , pp. 89-90.
^^^Ibid.; p. 90.
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"A s I re a d  m ed ica l h is to ry , " w rite s  E isen b erg , "advances in  our
knowledge of e tio logy  and of tre a tm e n t have been guided by hypo theses 
115of d iscon tinu ity . "
E ise n b e rg  m ak es  an in te re s tin g  o b serv a tio n  w ith re g a rd  to 
m ed ica l h is to ry  w hich is  of m ethodolog ical sign ificance  in  a ll  sc ien ce . 
He no tes tha t no lo n g e r a re  th e re  t r e a t is e s  "on fe v e r , " a  h e te ro ­
geneous ag g reg a te , bu t r a th e r  t r e a t is e s  on specific  in fec tio n s; no 
lo n g e r a re  th e re  tre a tm e n ts  fo r "lung d ise a se "  but r a th e r  " th e rap u tic  
m ethods fo r b ronchogen ic  c a rc in o m a , fo r  a ty p ica l pneum onia caused  
p leu ro p n eu m o n ia -lik e  o rg a n ism s , and so on; no lo n g er does the 
p h ysic ian  se a rc h  fo r  the cau se  of 'fe eb le -m in d e d n e ss ' bu t r a th e r  the 
cause  . . . m ongo lism , c re tin is m , and so  on. " W hat beg ins as  a 
vague ca teg o ry , g rouping  to g e th e r a he tero g en eo u s co llec tio n  of d is ­
o rd e r s ,  is  g rad u a lly  b ro k en  down. E ffective  p rev en tio n  and t r e a t ­
m en t is  b a se d  upon the  developm ent of m ethods d ire c te d  a t p a r tic u la r
117d is e a s e s , not " d is e a se "  in  g e n e ra l. T hus, i t  is  only th rough  a  d is ­
ag g reg a ted  and sp ec ific  app ro ach  th a t the n a tu re  of phenom ena is  





iii .  A ccounting and eco n o m ics . In  accounting th e re  h as
developed re c e n tly  an  in te r e s t  in  a  fo rm a l study of d a ta  c la s s if i-  
118cation . "C lass if ic a tio n  o r d iv is io n  p e rm e a te s  the [accounting]
119p ro ced u re  a t  each  s tag e . " In  fa c t, the A m erican  In stitu te  of 
P ublic  A ccountants defines accounting  a s  follow s:
"A ccounting is  the a r t  of re c o rd in g , c lass ify in g  and su m m a­
riz in g , in  a  s ig n ifican t m an n er and in  te rm s  of m oney, tra n sa c tio n s
and even ts w hich a r e ,  in  p a r t  a t le a s t ,  of a  financ ia l c h a ra c te r ,  and
120in te rp re tin g  the re s u lts  th e re o f . "
F itz g e ra ld  and S chum er note th a t the whole p ro c e ss  of 
" re co rd in g , c la ss ify in g , and su m m ariz in g  is  a  p ro c e ss  of c la s s if i ­
cation  in  s e v e ra l  s ta g e s . The u se fu ln ess  of the d a ta  depends on the 
c la s s if ic a to ry  sch em es u sed . The w ay, o r  w ays, in  w hich accounting  
in fo rm atio n  m ay  conven ien tly  be  analyzed , in te rp re te d  and p re se n te d  
depend upon the w ay, o r  w ays, in  w hich the in fo rm atio n  h a s  b een
F o r  a  rev iew  of the l i te r a tu re  in  th is  a re a  see A. A. 
F itz g e ra ld  and L . A. Schum er, C la ss if ic a tio n  in  A ccounting, Sydney, 
A u stra lia ; B u tte rw o r th 's , 1962, p . 13.
1 1 Q
Ib id .,  p. 22.
120A m erican  In s titu te  of P u b lic  A ccounts, R ese a rch  B u lle tin  
No. 9, 1941.
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c la s s if ie d  in  ev idence re c o rd s , jo u rn a ls , le d g e rs , and w orking 
, ,121p a p e rs .
C la ss if ic a tio n  m ay  a lso  be an im p o rtan t aid to  developm ent
and c la r if ic a tio n  of accounting th eo ry . M any of the co n tro v e rs ie s  in
accounting  th e o ry  u su a lly  tu rn  on questions of consistency  of t r e a t-
1 2 2m ent of d iffe ren t c la s s e s  of accounting data.
As the m o d ern  producing  unit has changed h is to r ic a lly  from  
s m a ll  o w n e r-m an ag e r type of e n te rp r is e  to  la rg e  co rp o ra tio n s , the 
accounting  p ro c e s s  h a s  becom e in c re a s in g ly  m ore  com plex and is  
m o re  in  need  of a th e o re tic a l  b a s is  fo r c lass ific a tio n  of accounting 
da ta . The re c e n t tre n d  in  the r i s e  of the so -ca lled  "co n g lo m era tes"  
i s  bound to  am plify  th is  p ro c e ss  even m o re .
The in c re a s in g  s ize  of b u s in ess  unit and in tra -c o rp o ra tio n  
co m p lex itie s  have an o th er im p ac t in  re la tio n  to  the ro le  of th eo ry  in  
conducting b u s in e s s . The r is e  of O perations R esearch  (o r m anage­
m en t sc ien ce) w hich a ttem p ts  to  solve the decis ion-m ak ing  p rob lem s
of co rp o ra tio n s  by a  sy s te m a tic  application  of the "sc ien tific  
123m ethod" re f le c ts  a sh ift fro m  the t r i a l  and e r r o r  approach  of the
121 F itz g e ra ld  and S chum er, p. 13.
1 99
I b id . , p. 23.
123 See C. W. C hurchm an, R. L. Ackoff, and E . L . Arnoff, 
In troduction  to  O p era tio n s  R esea rch , New York: John W iley and 
Sons, I n c . ,  1957, C hap ter I,
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o w n e r-m an ag er ty p e --b a se d  on the in tu ition  and knowledge of the 
m an ag er about the o v e ra ll o pera tion  of the f i r m - - to  the e m p irico - 
an a ly tica l approach  of the m od ern  c o rp o ra te  unit with i ts  high deg ree  
of deoendence upon the developm ent of "m o d e ls"  which re f le c t v a rio u s  
a sp e c ts  of the op era tio n , aim ing  a t u n d ers tan d in g  and con tro lling  of the 
p ro c e ss  o r  p ro c e s s e s  under in v estig a tio n .
As O p era tio n s  R esearch  beco m es m o re  w id esp read  it i s  lik e ly  
th a t m any  of the tra d itio n a l ap p ro ach es  to  accounting would be im ­
proved , m odified , expanded o r done aw ay w ith , and at the sam e tim e  
new fram ew o rk s  w ill be developed.
A ccounting p ra c tic e s , how ever, a re  not the only a re a  th a t i s  
expected  to  undergo  a s ig n ifican t change. P e rh a p s  the challenge to  
econom ic th e o ry  is  even g re a te r .  As a  team  of O p era tio n s  R e se a rc h ­
e r s ,  w ell equipped with the pow erful m ethodology of physica l s c ie n c e s , 
p e rs is te n tly  s tu d ie s  the in tra -c o rp o ra tio n  econom ic p ro b lem s, e ith e r  
they  w ill find the ex istin g  econom ic th e o ry  u sefu l o r  e lse  they  w ill 
develop th e ir  own sch em es. The re s u l ts  so  f a r  do not in d ica te  m uch 
sym pathy  w ith econom ic th eo ry . I t i s  tru e  th a t m any a re a s  of 
O p era tio n s  R e s e a rc h - - fo r  exam ple, in v en to ry  m odels , re p lacem en t 
m od e ls , and b re a k -e v e n  a n a ly s is - -u ti l iz e  the m arg in a l approach  in  
finding the  op tim al v a lues of the  choice v a r ia b le s  under study. But 
th is  d iffe rs  fro m  the approach  of econom ic th e o ry  which a ssu m e s  an 
o v e ra ll p roduction  function fo r  the f irm  and re l ie s  h eav ily  on the
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concepts of m a rg in a l co st and m a rg in a l revenue. In  fa c t, the a re a  
th a t h as  p roved m o st u se fu l in  the an a ly s is  and quan tifica tion  of the 
in tra -c o rp o ra tio n  econom ic p ro b lem s is  m a th em atica l p rogram m ing: 
lin e a r , n o n lin ear, in te g e r , dynam ic, and s to ch as tic  p ro g ram m ing .
But th ese  techn iques a re  ra d ic a lly  d ifferen t from  the M arsh a llian  
m a rg in a lis t approach  th a t h a s  dom inated m ic ro eco n o m ics  since the 
la s t  q u a r te r  of the n ineteen th  cen tu ry . M athem atica l p rog ram m ing  
finds little  use  fo r  the concept of an ag g regate  p roduction  function w ith 
i t s  lan d -lab  o r -c a p ita l  tr in ity . It finds the concept illu s iv e  and lacking 
o p era tio n a l s ig n ificance . The m a rg in a l approach  w ith i ts  assum ption  
of sm ooth su b s titu tab ility  of re s o u rc e s  h as  a lso  p roved  f ru it le s s  in  
m a th em atica l p ro g ram m in g . In s tead , i t  has  tu rn ed  out th a t a  highly  
d isag g reg a ted  m odel of the f irm  w hich d is tin g u ish es  betw een m any 
d iffe ren t " a c tiv it ie s , " each  ac tiv ity  c h a ra c te r iz e d  by one and only one 
output but a  v ec to r of in p u ts , i s  m o st u sefu l in  re fle c tin g  the com plex 
netw ork  of in tra -c o rp o ra tio n  in te rd ep en d en c ie s.
T hat econom ic th e o ry  w ill be ra d ic a lly  tra n s fo rm e d  as a  re s u lt  
of th is  developm ent is  a lre a d y  evident in  the p io n eerin g  w orks of som e
econom ists  who a re  anxious to  abso rb  th is  new m a te r ia l  in to  the g en era l
^ 124body of econom ic th eo ry .
124See, fo r exam ple, R. D orfm an, P . A. Sam uelson, and 
R obert M. Solow, L in e a r  P ro g ram m in g  and Econom ic A n a ly sis , New 
York; M cG raw -H ill Book C o . , I n c . , 1958; K. Boulding and W. Spivey,
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M ath em atica l p ro g ram m in g  is  c h a ra c te r is t ic a l ly  dependent 
on v a s t am ounts of da ta , g e n e ra lly  in  the fo rm  th a t is  not au to m atic ­
a lly  p rov ided  by the tra d itio n a l accounting p ra c tic e s  of the f irm .
T h is am ount and type of da ta  can becom e availab le  only through con­
sc io u s  e ffo rt of the in v e s tig a to r  developing the m odel. T hus, fo r the 
f i r s t  tim e  in  h is to ry  th e re  is  o ccu rrin g  in  e c o n o m ic s --a t the f irm  
le v e l - - a  developm ent th a t has  fo r  long been  a fea tu re  of n a tu ra l 
s c ie n c e s . T hat i s ,  the da ta  i s  ac tu a lly  sought and m ethods, m e a s u re ­
m en t and o rg an iza tio n  of fa c ts  a re  ac tu a lly  p roposed  and c lo se ly  su p e r­
v ised  b y  the an a ly st of the g iven econom ic p ro b lem . T his stands in  
sh a rp  c o n tra s t  to  the tra d itio n a l c a se , w h ere  the data  u sed  by  econo­
m is ts  i s  g e n e ra lly  those  th a t a re  m ade av a ilab le  by v a rio u s  s ta t is t ic a l  
ag en c ie s  of governm ent o r  the p riv a te  s e c to r .
T h u s, th e re  i s  developing a  c lo se  connection  betw een the 
th e o re tic a l  and accounting  w ork  w ith re s p e c t  to  in tra -c o rp o ra tio n  
eco n o m ics . It i s  iro n ic  th a t in  th is  re s p e c t econom ics tak es  a  g ian t 
s tep  back  to  som e five c e n tu r ie s  ago w here  the  p a m p h le tee rs  on com ­
m e rc e  com bined th e ir  ru d im en ta ry  econom ic a rg u m en ts  w ith th e ir
125" c o m m e rc ia l a r ith m e tic . "
L in e a r  P ro g ra m m in g  and the T h eo ry  of the F ir m , New Y ork, 1960; 
R. K. D avidson, V. Sm ith, and J . W iley, E con o m ics , an A naly tical 
A pproach , Hom ewood, Ill in o is , 1958; and R. D orfm an, The P r ic e  
S ystem , Englewood C liffs , New J e r s e y , 1964.
1 9 c;
‘ ^""Schumpeter^ pp. 156-157
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The ro le  of " c o m m erc ia l a r ith m e tic "  and its  in terdependence  
w ith th e  r i s e  of econom ic ca te g o rie s  and hence  econom ic th e o ry  has, 
un fo rtunate ly , in te re s te d  h is to r ia n s  of econom ic thought to  a deg ree  
not co m m en su ra te  w ith  i ts  s ign ificance . S chu m p ete r, fo r  exam ple, 
excludes the  l i te r a tu r e  in  th is  fie ld  fro m  h is su rv e y  "although litt le  
p ie ce s  of p u re ly  econom ic an a ly s is  do o ccu r in  th em . Y et the
developm ent of d o u b le -en try  bookkeeping w as an in te g ra l p a r t  of and 
a n e c e s s a ry  developm ent along w ith the  tra n s it io n  to  a m a rk e t econ­
omy. Lange n o tes th a t th e  developm ent of com m odity  and m o n e ta ry  
re la tio n s  by  sing ling  out and m aking gainful ac tiv ity  g e n e ra l and by 
tu rn in g  it in to  a  ra tio n a l a c tiv ity  based  on rea so n in g , lead  to  the  
quan tifica tion  and m e a su ra b ility  of the  end and m ean s  of th is  activ ity . 
A quan tifica tion  of ends and m eans o c c u rre d  in  te r m s  of u n ifo rm  un its  
of m e a su re m e n t in m o n e ta ry  u n its . It b ecam e  th en  p o ss ib le  to  co m ­
p a re  the  end ach ieved  (e. g . , revenue) and the  m ean s u sed  (cost) and
to e x p re ss  the r e s u l t  of th is  co m p ariso n  in m o n e ta ry  u n its , lead ing  to
1 27the  econom ic c a teg o ry  of p ro fit. "
"C alcu la tio n , " w rite s  Lange, " is  the  e x p re ss io n  of fully  
developed ra tio n a lity  in th e  ac tiv ity  of an  e n te rp r is e , s in ce  it  co n sis ts
126 Ibid. ■ p. 156; am ong the  m e m b e rs  of the  G erm an  H is to r ­
ic a l School, how ever, th e re  w as a reco g n itio n  of th e  im p o rtan ce  of 
th is  developm ent. F o r  re fe re n c e  see  the follow ing s e v e ra l  footnotes.
127
Lange, P o litica l Economy . . . , pp. 160-61.
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in  the qu an tita tiv e  co m p ariso n  of a ll the co nstituen ts  of incom e and 
c o s t, to g e th e r  w ith changes in  the value of the p ro p e rty  (cap ital), 
th u s  em ploying lo g ica l and m a th em atica l in fe ren ce . . . . By the 
u se  of ca lcu la tio n  the m eans em ployed by an e n te rp r is e  a re  evalu­
a ted  fro m  the point of view of th e ir  p ro fitab ility . The m a te r ia l te ch ­
nique of p roduction  and d is trib u tio n , like a ll o th e r op era tio n s, is
128s t r ic t ly  su b o rd in a te  to  the unique end of the e n te rp r is e - -p ro f i t .  "
S om bart w as one of the f i r s t  eco n o m ists  who drew  a tten tion
to  the developm ent of bookkeeping and i ts  s ign ificance as a fa c to r  in
th e  ra tio n a liz a tio n  of econom ic ac tiv ity . Indeed, he went f a r th e r  to
po in t to  the  in d ire c t  in fluence w hich ra tio n a liz a tio n  of econom ic
129a c tiv ity , in  the fo rm  of ca lcu la tio n , e x e r ted  on the developm ent of 
th e  n a tu ra l s c ie n c e s . He w ro te  that;
1 p O
I b id . , p. 163.
129Lange p ro v id es  the following u sefu l synopsis of the h is to r i ­
c a l developm ent of econom ic calcu la tion : The beginning of sy stem a tic
c o m m e rc ia l bookkeeping a re  to  be found in  the th ir teen th  cen tu ry . 
M erch an ts  in  I ta lia n  c i t ie s ,  e sp e c ia lly  F lo ren c e , began to  keep  sy s te m ­
a tic  accoun ts of th e i r  m o re  im p o rtan t c o m m e rc ia l op era tio n s. In the 
fo u rteen th  cen tu ry  accounting is  to  be found in  F ran c e  as w ell. Double­
e n try  bookkeeping a p p ea red  a t the end of the fou rteen th  cen tu ry  in  
n o r th e rn  I ta lia n  c i t ie s . F ro m  th e re  i t  sp re ad  to  a ll the m a jo r trad in g  
c e n te rs  in  W estern  E urope and e sp e c ia lly  H olland. The f i r s t  sy s te m ­
a tic  exposition  of d o u b le -e n try  m ethod appeared  in  1494 [see Lange fo r 
sp ec ific  re fe re n c e ] . An im p o rtan t p a r t w as a lso  played by decim al 
n o ta tio n  and the m ethod of calcu la tion  connected w ith i t ,  which w as 
tak en  fro m  the A ra b s , having f i r s t  ap p eared  in  India . The tra n s itio n  
to  the d e c im a l sy s tem  (ea rly  p a r t  of th ir te e n th  cen tury) is  c lo se ly
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D ouble-e n try  bookkeeping is  based  on the co n s is ten t 
app lication  of a conception w hich t r e a ts  a ll phenom ena as  
q u a n titie s --q u an tific a tio n , an id ea  which has brought to  
ligh t a ll the m a rv e ls  of n a tu re  and w hich h e re , fo r the 
f i r s t  tim e in  h is to ry , had  becom e quite c le a r ly  the b a s ic  
id ea  of a p a r tic u la r  sy stem . It r e q u ire s  no g re a t m en ta l 
e ffo rt to  see  in  d o u b le -en try  bookkeeping the g e rm  of 
id eas  of g rav ita tio n , the c irc u la tio n  of the blood, the 
co n serv a tio n  of en erg y  and o th e r id e as  which have proved 
so fru itfu l in  n a tu ra l sc ie n c es .
F u r th e r  on, d iscu ss io n  balance  accoun ts , he w rite s ; "T h is  [double­
en try ] approach  d e te rm in ed  the c re a tio n  of the concept of cap ita l.
One can a lso  say  th a t b e fo re  [it] . . . the ca teg o ry  of cap ita l did not 
131e x is t. " S om bart a lso  poin ts out tha t the  ca te g o rie s  of fixed and
c ircu la tin g  cap ita l, the c a te g o rie s  of changes in  the fo rm  of cap ita l,
of c o m m e rc ia l tu rn o v e r , c ap ita l tu rn o v e r , p roduction  c o s ts , and o th e r
ca te g o rie s  of p o litic a l econom y a ro se  out of the p ra c tic a l  a c tiv itie s
132of b u s in ess  e n te rp r is e s .
connected w ith the developm ent of accounting  and c o m m erc ia l book­
keeping . In  n o rth e rn  I ta lia n  c it ie s ,  and la te r  in  o ther co u n trie s  as 
w e ll, sp ec ia l schoo ls  w e re  se t up to  t r a in  youths in  accounting and book­
keeping in  o rd e r  to  p re p a re  them  to  be m e rc h a n ts . C ap ita l accounting 
ap p ea red  la te r  in  the s ix teen th  cen tu ry . I t is  w orth  noting th a t in  
I ta lia n  the te rm  " reg io n e"  w as adopted to  denote an e n te rp r is e  and in 
F ren ch  the te rm  " ra iso n "  (both com e fro m  the L a tin  " ra tio " ) , w hich 
o rig in a lly  m ean t both " re a so n "  and " c a lc u la tio n ."  Thus the  ra tio n ­
a lity  of c a p ita lis t  e n te rp r is e  and i t s  connection w ith c o m m e rc ia l c a l­
cu lation  shows i t s e l f  even  in  etym ology; Ib id . , p. 162.
130W. S om bart, P e r  M oderne K ap ita lism u s , 3rd  ed . ; M unich 
and Leipzig; 1919, II, 119, a s  quoted in  L ange, ib id . , p. 163.
1 SI
Ib id ., p. 120.
^^^Ibid.
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Now in the tw entie th  cen tu ry  once again  the p ra c tic a l  a c tiv ity  
of e n te rp r is e s  is  leading to  em erg en ce  of new th e o re tic a l concepts and 
even com plete conceptual s tru c tu re s  th a t m ay stop a t nothing le s s  than 
a to ta l tra n sfo rm a tio n  of the  p rev a ilin g  conceptual f ra m e s  in  eco ­
nom ics. It does not ap p ea r th a t the  econom ic p ro fessio n  is  fu lly  aw are 
of the im p lica tions of th is  tre n d , s t i l l  tre a tin g  i t  as an o th er b ranch ing  
off of the ex isting  s y s te m -- a  n a tu ra l and expectable  o ccu rren ce  in the 
developm ent of the sc ien ce . But one could sch em atica lly  r e f e r  to  the 
h is to r ic a l  p a tte rn  of developm ent of the  m odern  g en e ra l equ ilib riu m  
lin e a r  m odels in  o rd e r  to  c re a te  an im p re ss io n  as  to  the re m a rk a b le  
flex ib ility , scope of co v erag e , and m a th em atica l p regnancy  of th e se  
m odels:
H is to ric a lly , inpu t-ou tpu t a n a ly s is , l in e a r  p ro g ram m in g , and
133gam e th eo ry  developed independently  of one an o th er. In fac t, the
133Gam e th e o ry  w as f i r s t  in troduced  by  John von N eum ann, 
"Z u r T heo rie  d e r G e se llsch a fts sp ie le , " M athem atische  A nnalen, vol. 
100, 1928, 295-320; la te r  i t  w as sy s te m a tic a lly  exposed in  a  la rg e  
volum e; J . von N eum ann and O sk a r M o rg en ste rn , The T h eo ry  of 
G am es and Econom ic B ehav io r, P r in ce to n , New J e rse y : P rin ce to n  
U n iv e rs ity  P r e s s ,  1944. Inpu t-ou tpu t an a ly s is  w as the second of 
the th re e  b ran ch es  of l in e a r  econom ics to ap p ea r. L eon tief published 
the f i r s t  c le a r  s ta tem en t of i t  in  W. W. L eontief, "Q uantitative Input 
and Output R elations in  the E conom ic System  of the United S ta tes , " 
Review of Econom ic S ta t is t ic s , XVIII, A ugust, 1936, 105-125. The 
fu ll exposition  of th e  m ethod ap p ea red  in  L eontief, The S tru c tu re  , . 
1951.
The la s t  of the th re e  b ran ch es  of lin e a r  econom ics w as lin e a r  
p ro g ram m ing . I t w as developed by  G eorge B. D antzig in  1947 as a  
technique fo r  planning the d iv e rs ified  a c tiv itie s  of the U. S. A ir F o rce .
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fo rm e r  two developed by independent re s e a rc h  by R u ssian  and
A m erican  m a th em atic ian s .
The connection betw een the th re e  w as not p e rce iv ed  fo r som e
tim e  a f te r  the th re e  d is tin c t c la ss  of p ro b lem s and tlie ir  so lu tion  w ere  
135w ell known. B ut l a te r  developm ent re v e a le d  the e sse n tia l s im i la r ­
ity  in  th e ir  m a th e m a tica l s tru c tu re . The econom ic in te rp re ta tio n  of 
th e se  m a th e m a tica l u n ifo rm itie s  h a s  led  to  fa sc in a tin g  re s u lts .
On the e m p ir ic a l  side m uch e ffo rt i s  needed to  e s ta b lish  a 
w orkab le  s ta t is t ic a l  co rre sp o n d en ce  betw een  the ex is tin g  data  and the 
p ro p o sed  th e o re t ic a l  c a te g o rie s  of the above fram ew o rk s . The p ro b ­
lem  of da ta  c la s s if ic a tio n  i s  of c e n tra l  im p o rtan ce  w ith  th is  re g a rd .
D antzig  h a s  ex ten s iv e ly  exposed the n a tu re  of the p ro b lem  in  connec­
ts?tion  w ith l in e a r  p ro g ram m in g . The w orks in  connection w ith input-
The p r in c ip a l p a p e r  ap p ea red  as  G. B . D antzig , "M axim ization  of 
L in e a r  F unction  S ubject to  L in e a r  In e q u a lit ie s ,"  in  T .C . Koopm ans 
(ed. ).
^ ^^ F o r the R u ss ian  developm ents see  D. 1. O parin , M ulti-
S ec to r Econom ic A ccoun ts, t r a n s . P . F . K n igh tsfie ld , New York; The 
M acm illan  C om pany, 1963; and V. S. N echinov (ed. ), The U se of
M ath em atic s  in  E co n o m ics , t r a n s .  ed. A. Nove, C am bridge , 
M assa c h u se tts : T h e M .l .T .  P r e s s ,  1964, pp. 1-32.
135 See D orfm an , Sam uelson, and Solow, pp. 4 -5 .
136 See, fo r  exam ple , the d iscu ss io n  of "dual p ro b lem s"  in  
connection  w ith the L eo n tie f dynam ic in te r te m p o ra l m odel as d iscu ssed  
in  i b id . , pp. 339-340.
137 See G eorge B. D antzig, Suggestions on C la ss if ic a tio n  
P ro b le m s  in  L in e a r  P ro g ra m m in g , U. S. A ir  F o rce  P am ph le t.
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output an a ly s is  co n stitu te  a  m a jo r p o rtio n  of the su b jec t m a tte r  in  the 
rem ain in g  c h a p te rs .
It m ay  be noted th a t the fu ll sy n th es is  of the th re e  app ro ach es  
is  ye t to  develop. It con tinues to be tru e  th a t inpu t-ou tpu t m odels a re  
being app lied  m o s tly  to  the  p ro b lem s of na tional econom ies , w h e rea s  
l in e a r  p ro g ram m in g  ap p lica tio n s  a re  m o s tly  lim ited  to  in t r a ­
co rp o ra tio n  econom ics. But as  a h is to r ic a l  g en e ra liz a tio n  i t  can be 
sa id  th a t ju s t a s  the r i s e  of m a rk e t econom y and i ts  c e ll - fo rm , ow ner- 
m an ag e r type of b u s in e ss  e n te rp r is e , n e c e ss ita te d  and led  to  the d is ­
co v e ry  of d o u b le -e n try  bookkeeping--w hich  in  tu rn  fa c ilita te d  fu r th e r  
grow th in  the  e ffic ien cy  of the e n te r p r is e - - th e  r i s e  of "m ixed  
e c o n o m y " --e s se n tia lly  n o n -m a rk e t in  c h a r a c te r - - le d  to  the d isco v e ry  
of gam e th eo ry , in p u t-o u tp u t a n a ly s is , and l in e a r  p ro g ram m in g . It i s  
s ig n ifican t th a t th e se  p ro b le m s , hav ing  been  m o tiva ted  by and fo rm u ­
la te d  in  te rm s  of phenom ena of econom ic life , a re  in c re a s in g ly  finding
138ap p lica tio n s  in  en g in ee rin g  and p h y sica l and n a tu ra l s c ie n c e s .
138 The s ig n ifican ce  of econom ic phenom ena a s  a so u rce  of 
m a th em atica l p ro b le m s i s ,  of c o u rse , not lim ited  to  the above th re e  
m o d e ls . The c e le b ra te d  A m erican  m a th em atic ian  B ellm an  w rite s  th a t 
econom ics i s  a  "p ro lif ic  so u rce  of p ro b lem s involving d iffe ren tia l 
equ atio n s. " R ich ard  B ellm an , M odern  E lem e n ta ry  D iffe ren tia l 
E q u a tio n s , R eading, M assa c h u se tts : A dd ison-W esley  P ub lish ing  
C om pany, 1968, p. 20; fo r  a  d e m o n stra tio n  of som e such p ro b lem s 
see  pp. 20-22.
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E. M odes of In ference  in  Science
The m ethods of in v estig a tio n  in  sc ien ce  em ploy c e r ta in  logical
o p e ra tio n s , which c o n s is t in  v a rio u s  m ethods of in fe re n c e , i . e . , of
reaso n in g  a s s e r tin g  the tru th  of c e r ta in  s ta tem en ts  on the b asis  of the
139tru th  of o th e r s ta te m e n ts . C o n tem p o ra ry  logic d istingu ishes b e ­
tw een th re e  b asic  ty p es  of in fe ren ce : deduction, induction , and re -
. _ 140duction .
D eduction c o n s is ts  in  draw ing of conclusions fro m  p re m ise s . 
Induction r e f e r s  to the draw ing of g e n e ra l conclusions from  p re m ise s  
w hich a re  p a r t ic u la r  c a se s  of th e se  conclusions. F in a lly , reduction  
is  the  ju s tif ic a tio n  of p re m is e s  on the b a s is  of conclusions draw n from  
th em . T hus, red u c tio n  c o n s is ts  in  re v e rs in g  the d irec tio n  of deductive 
in fe re n c e .
Induction invo lves a b s tra c tio n  fro m  the observ ed  phenom ena. 
O ften a  ru d im e n ta ry  c la s s if ic a tio n  of the o b serv ed  phenom ena suggests 
i ts e lf  such a s , fo r exam p le , in  a  c la ss if ic a tio n  of p lan ts on m orpho­
lo g ica l g rounds. T hus, sc ien tific  c a te g o rie s  a re  d e riv ed  from  the
139 S tr ic tly  speak ing , induction  is  not a  fo rm  of in fe ren ce , a l­
though in  c e r ta in  c a s e s  i t  i s  a  sp ec ia l ca se  of deduction, in  which case  
i t  i s  no lo n g er a  d is tin c t type of in fe re n c e . T hese  d ifficu lties w ill be 
ig n o red  in  the d iscu ss io n  th a t follow s b ecause  only an overview  of the 
m ethodology of sc ien ce  and i ts  re le v an t lo g ica l concep ts is  of in te re s t  
h e re . F o r a d e ta iled  d iscu ss io n  of th is  point see  the exce llen t expo­
s itio n  by C ohen, C h ap te rs  XllI and XIV.
140Lange, p. 133. P o litica l E conom y. . . , p. 133.
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study  of r e a l  p ro c e sse s  of n a tu re . F u r th e r  ab s trac tio n  and the d is ­
covery  of re la tio n sh ip s  am ong c a te g o rie s  lead s  to  the co n stru c tio n  of 
th e o re tic a l m odels and g e n e ra liz a tio n s  in  the fo rm  of sc ien tif ic  law s.
At th is  s tag e , deduction p lays an im p o rtan t ro le .
F in a lly  red u c tio n  m ak es the p ro c e s s e s  of v e rif ic a tio n  of the 
co n stru c ted  m odel p o ssib le . H ere  som e of the th e o re m s - - th a t  is ,  im ­
plied  p ro p o s itio n s --o f  the th e o ry  a re  confron ted  w ith fa c ts . Often th is  
i s  a v e ry  difficu lt ta sk  fo r  i t s  invo lves the tra n s la tio n  of a b s tra c t  c a te ­
g o rie s  of the th eo ry  in to  c o n c re te  c la s s e s  of ob jects o r  p ro c e s s e s . It 
is  n e c e s sa ry  to e s ta b lish  w hich e lem en ts  of re a li ty  co rre sp o n d  to  the 
th e o re tic a l concep ts, i . e . ,  those  e lem en ts  of re a li ty  w hich a re  con­
s id e red  to  be equivalent to  the  th e o re tic a l  c a te g o rie s  m u st be iden tified . 
T h is is  w hat Lange c a lls  the p ro b lem  of "p ra c tic a l id en tifica tio n "  of 
c a te g o rie s . Lange no tes th a t " th is  p rob lem  is  found in  a ll  eco ­
nom ic sc ien ces  dealing w ith co n cre te  econom ic p ro c e s s e s - - a n d  th e re ­
fo re  in  d e sc rip tiv e  econom ics and econom ic h is to ry , and w ith p a r tic u la r  
c la r i ty  in  econom ic s ta t is t ic s .  It m o s t freq u en tly  ap p ea rs  in  th ese
sc ien ces  in  the fo rm  of the  p ro b lem  of c la ss if ic a tio n  and agg regation  of
142co n cre te  e lem en ts  of the econom ic p ro c e s s . " (E m phasis added, 
M .M .)
141Ibid. , pp. 121-122. As Lange n o tes, th is  p rob lem  is  com ­
m on to  a ll  sc ien ces . F o r  in s ta n ce s  of i t  in  physics  see  G. Y. R ainich, 
M athem atics  of R ela tiv ity, New York: John W iley and Sons, In c . ,  1959, 
pp. 106, 113, 145, 160, e sp e c ia lly  169.
142Lange, P o litica l Econom y . . . , p. 121.
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It should be noted th a t the p rob lem  of "p ra c tic a l id en tifica tion"
as d esc rib ed  above is  not the sam e a s  the , so -c a lle d , " iden tification
prob lem  in  eco n o m e tric s , though the two a re  re la te d .
A fte r the p ra c tic a l  id en tifica tio n  of the th e o re tic a l c a teg o rie s
the conclusions d erived  fro m  the th e o re tic a l m odel can be com pared
w ith re a lity . If the co m p ariso n  i s  fav o rab le , w ithin  a p red e te rm in ed
s ta t is t ic a l  to le ran ce  l im it ,  then the th e o ry  is  v e rif ie d  through the
red u c tiv e  p ro ced u re  which ev a lu a tes  the tru th  of p re m is e s  on the b a s is
of the tru th  of conclusions. O therw ise  the m odel fa ils  to  conform  to
re a li ty  w ith the given s tan d a rd  of a ccu racy .
The v a rio u s  te s t s  of the  s ta tic  L eon tief m odel a re  exce llen t
exam ples of th is  type of reduc tive  p ro ced u re . U nfortunate ly  a  d iscu s-
144si on of th e se  te s t s  would dem and a lengthy  d ig re ss io n .
The p rob lem  of id en tifica tio n  in  eco n o m e trics  a r is e s  in  a 
s itua tion  such as the following: A functional re la tio n sh ip  is  s ta t is ­
tic a lly  e s tim a te d  betw een p r ic e , on the one hand, and supply  o r de­
m and, on the o th er, the  e m p ir ic a l da ta  u sed  being tim e  s e r ie s  of 
p r ic e s  of com m odities and q uan tities  of com m odities so ld . It is  not 
c le a r  w hether the e m p ir ic a l re la tio n sh ip  obtained re p re se n ts  a  dem and 
function, a supply  function, o r n e ith e r. Special m ethods have been 
developed to  m ake approx im ate  id en tifica tio n  p o ssib le . F o r  de ta iled  
d iscu ss io n  see  J . Johnston , E co n o m etric  M ethods, New York: 
M cG raw -H ill Book C o . , In c . ,  1960, pp. 244-252.
144F o r  a rev iew  of th ese  te s t s  see  H ollis B. C henery  and 
P au l G. C la rk , In te r in d u s try  E co n o m ics , New Y ork: John W iley and 
Sons, In c . ,  1967, Chap. V I;a lso  see  L eon tief, The S tru c tu re  . . . , 
pp. 178-186.
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The above com m ents in d ica te  th a t a ll th re e  m ethods of in fe ren ce  
a re  needed in  sc ien tif ic  in v estig a tio n . W ithout induction, deductive in ­
fe ren ce  would be b ased  on p re m ise s  unconnected w ith re a lity ; i t  would
145not be in fe ren ce  re la tin g  the r e a l  phenom ena. W ithout reduction  i t  
would not be possib le  to  s ta te  w hether o r  not the r e s u lts  of induction 
a re  tru e , i t  would not be p o ssib le  to  v e rify  these  r e s u l ts .  F in a lly , 
w ithout deduction th e re  would be no tra n s itio n  from  the re s u lts  of in ­
duction to  v e rifiab le  conclusions m aking i t  possib le  to  s ta te  w h e th er the
146re s u lts  of induction  a re  tru e .
W ith re g a rd  to  the  in te rp la y  betw een fa c ts  and a b s tra c t  th eo ­
re t ic a l  notions re la te d  to  them  the following p assag e  fro m  W hitehead is  
w orth  quoting:
C la ss if ic a tio n  is  a  halfw ay house betw een the  im m ed ia te  
c o n c re te n e ss  of the  ind iv idual thing and the com plete  a b s tr a c ­
tion  of m a th em atica l no tions. . . . But in  the p ro ced u re  of 
re la tin g  m a th e m a tica l notions to  the fac ts  of n a tu re , by 
counting, by m e a su re m e n t, and by g e o m e tric a l re la tio n s , 
and by types of o rd e r ,  the  ra tio n a l con tem plation  i s  lifted  
fro m  the incom plete  a b s tra c tio n s  involved in  defin ite  sp ec ie s  
and g en e ra , to  the  com plete  a b s tra c tio n s  of m a th em atic s . 
C la ss ific a tio n  is  n e c e s sa ry . But u n le ss  you can  p ro g re s s  
fro m  c la s s if ic a tio n  to  m a th em atic s , your rea so n in g  w ill not 
take  you v e ry  f a r .  ^^7




H e re , W hitehead is  re fe r r in g  to  the  n e c e s s ity  of m oving fro m  the 
n a tu ra l-h is to ry , inductive s ta te  go a deductively  fo rm u la ted  th eo ry .
In fa c t, th is  type of tra n s itio n  h as  o c c u rre d  in  m any a re a s  of sc ience  
in  th e ir  h is to r ic a l  developm ent fro m  a  p u re ly  o b serv a tio n a l a n d /o r  
ex p e rim en ta l s tag e s  to  an ax iom atic  fo rm u la tio n . T his is  not only tru e  
of p h y sics , c h e m is try , and a stro n o m y , but a lso  of g eo m etry , which 
w as fo r  the f i r s t  tim e given an ax iom atic  tre a tm e n t by E uclid . In the 
w o rd s  of N orth rop ;
. . . Any e m p ir ic a l sc ien ce  in  i ts  n o rm a l, healthy  
developm ent beg ins w ith a m o re  p u re ly  inductive em p h as is , 
in  which the e m p ir ic a l data of i t s  su b jec t m a tte r  a re  sy s te m ­
a tic a lly  g a th e red , and  then  co m es to  m a tu rity  w ith deductively  
fo rm u la ted  th e o ry  in  which fo rm a l logic and m a th em atics  p lay  
a m o st s ig n ifican t p a r t .  G eo m etry , fo r  in s ta n ce , began w ith 
the e a r th  m e asu re m e n ts  of the  an cien t E gyptians and e a r ly  
G reek s  and cam e to  m a tu r ity  in  the deductively  fo rm u la ted  
E lem en ts  of E u c lid . P h y s ic s  took the whole of the  G reek  
p e rio d  and the e n tire  M iddle A ges to  develop i ts  e a r ly  n a tu ra l 
h is to ry  p hase , and p a sse d  to  deductively  fo rm u la ted  th e o ry  
w hen G alile i d isco v e red  i ts  new key  p rim itiv e  concep ts and 
Newton, tak ing  E u c lid 's  g e o m e try  a s  h is  m odel, g e n e ra liz e d  
G a lile i 's  concep ts and developed them  sy s te m a tic a lly  in  the 
deductive th e o ry  fo r  m ech an ics  w hich co n stitu tes  h is  fam ous 
P r in c ip ia . T hese two s ta g e s  in  the n o rm a l h ea lth y  develop­
m ent of an e m p ir ic a l sc ien ce  a re  (a) the n a tu ra l h is to ry  
s tage  and (b) the s tage  of p o s tu la tio n a lly  p re sc r ib e d  
th eo ry .
Such a ttem p ts  to  a r ra n g e  the  s te p s  of developm ent of sc ien ce , 
though suggestive  and contain ing  an  e lem en t of tru th , can  e a s ily  lead  to 
an o v e rs im p lific a tio n  of a v e ry  com plex p ro c e s s . In the e a r ly  p a r ts  of
148Northrop, p. 134.
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th is  c h ap te r  i t  w as pointed out th a t "p u re  observation" and "pure fac t"  
a re  nonex isten t b ecau se  co n sc io u sn ess  in  m an as  w ell as  an im als is  
s e le c tiv e , being d ire c te d  to w ard s  c e r ta in  a sp e c ts  of phenom ena le av ­
ing o th e rs  outside the sp h e re  of a tten tion . M any o th er a sp ec ts  of the 
in te r re la t io n  betw een fac ts  and concep ts w ere  in v estig a ted  with con­
c re te  exam ples from  biology and o th e r s c ie n c es . It w as seen  tha t 
concep ts need , as  th e ir  raw  m a te r ia l , observed  phenom ena, but 
o b se rv a tio n  is  not f re e  fro m  the m ode of o p era tion  of hum an m ind, 
p a r t ic u la r ly  i ts  co n cep t-fo rm in g  ac tiv ity . H ence, th e re  seem s to  be a 
c i r c u la r i ty - - a  fe e d b ac k --in  the p ro c e s s  of cognition. In itia l im p re s ­
s io n s  and p e rcep tio n s  le ad  to  co n cep ts , concep ts m ake i t  possib le  to  
p e rc e iv e  a n d /o r  o b se rv e  new phenom ena o r new a sp ec ts  of the fa m ilia r  
phenom ena. Cohen e x p re s s e s  th is  p ro c e ss  in  the following m anner:
In  the p ro c e ss  of g a th erin g  and w eighing evidence, 
th e re  is  a continuous appeal fro m  fac ts  to  th e o r ie s  o r 
p r in c ip le s , and fro m  p rin c ip le s  to  fa c ts . . . . The 
m ethod of sc ien ce  is  thus e s s e n tia l ly  c irc u la r .  We 
obtain  ev idence fo r p r in c ip le s  by appealing  to  e m ­
p ir ic a l  m a te r ia l ,  to  w hat is  a lleged  to  be 'f a c ts ';  and 
we s e le c t, analy ze , and in te rp re t  e m p ir ic a l m a te r ia l 
on the b a s is  of p r in c ip le s . In v ir tu e  of such give and 
take  betw een  fac ts  and p r in c ip le s , every th ing  th a t is  
dubitab le fa lls  u n d e r ca re fu l s c ru tin y  a t one tim e o r 
an o th er.
P e rh a p s  one should  say  th a t the  m ethod of sc ience  is  e s se n tia lly  




"c irc u la r ity "  a re  not in co n sis ten t exp lanations; ra th e r  the " lin e a r ity "  
of " s ta g e s"  and the " c irc u la r ity "  of "feedbacks" to g e th e r d e sc rib e  the 
" sp ira l"  fo rm  of m otion in  the developm ent of sc ie n c es . Indeed, a 
c lose  read in g  of the above quotations and re fe re n c e  to  the con tex ts of 
the two shows th a t both au th o rs  have in  m ind a  s p ira l  line of develop­
m ent even though they have chosen  to  u se  th e ir  own sp ec ia l te rm in o l­
ogies.
In  o rd e r  to  get around the c irc u la r i ty  of the sc ien tific  m ethod 
and re v e a l the ex p o sito ry  s ign ificance  of h is  s ta g e s , N o rth ro p  d is ­
tin g u ish es  betw een two types of concep ts: "concept by in sp ec tio n "  and 
"concept by postu lation .
A "concept by in sp ec tio n "  i s  one the com plete  m eaning  of which 
is  given by  som ething im m ed ia te ly  o b serv ab le . Thus when L innaeus 
d e sc rib e d  flow ers in  te rm s  of the co lo r and shape of th e ir  p e ta ls , he 
w as fo rm ulating  a  b io log ica l sc ience  in  the n a tu ra l h is to ry  s tag e  in  
te rm s  of concepts by in spec tion . Scientific  p a p e rs  w hich p re se n t 
p ic tu re s  of the s tru c tu re  of c a n c e r, o r the shape of the sa la m a n d e r , 
r e s o r t  to  the sam e type of concept.
But, as  explained e a r l ie r ,  even in  th is  n a tu ra l h is to ry  s tag e  
w ith i ts  p rep o n d eran t em p h asis  on induction , one does not have "p u re
^^^N orthrop, pp. 136-140.
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fact"  a p a r t fro m  a ll concepts and th eo ry . When fac ts  a re  d e sc rib ed ,
a b s trac tio n  is  inev itab le:
. . . E v e ry  d e sc rip tio n  th row s ind iv idual observed  
data  in to  c la s s e s  w ith re sp e c t to  som e a b s tra c te d  c h a ra c te r . 
T hese c la s s e s  w ill fa ll w ithin each  o ther as  sp ec ie s  w ithin 
g en e ra . Since A ris to tle , i t  has been  re a liz e d , as . . . 
W hitehead in  our own tim e has rep ea ted ly  em phasized , tha t 
th e re  a re  m any p o ssib le  m odes of a b s tra c tio n  from  the sam e 
observed  data, defining m any p ossib le  p rin c ip le s  of c la s s if i­
cation . Thus i t  becom es in ev itab le , even in  the m ost em ­
p h a tica lly  inductive n a tu ra l h is to ry  type of sc ien ce , tha t 
in escapab le  e lem en ts  of th eo ry  a re  p re sen t.
N onetheless, N o rth ro p  in s is ts ,  sc ien tific  th e o rie s  in  n a tu ra l 
h is to ry  s tage  a re  inductive  to  a  degree  and in  a sen se  which is  not tru e  
of th e o rie s  in  the next s tage  of developm ent of a sc ien ce . T his happens 
because  the th e o rie s  of the  n a tu ra l h is to ry  stage a re  developed e n tire ly  
in  te rm s  of "concep ts by in sp ec tio n . " W hat each  concept in  the th eo ry  
m eans is  g iven by som eth ing  d ire c tly  apprehended.
The next s tag e  is  c h a ra c te r iz e d  by the in tro d u c tio n  of an 
e n tire ly  new type of c o n ce p t--a  "concept by postu la tion . "
"A concept by  postu la tion  i s  one the  m eaning of w hich is  p ro ­
posed fo r i t  by the p o s tu la tes  of the deductive th e o ry  in  w hich it 
152o ccu rs . " T hus, one does not d e te rm in e  the m eaning  of a concept by 
postu la tion  by inspec ting  som ething  w hich is  d ire c tly  observab le ;
■ ^ 'Ib id . , p. 137.
1
Ib id . ,  p. 139.
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in s te a d , one m ust exam ine the p o s tu la te s  of the deductive th e o ry  in  
w hich the concept o ccu rs .
Since i t  is  po ssib le  to  p o s tu la te  e n titie s  and s tru c tu re s  quite 
d iffe ren t from  any im m ed ia te ly  o b serv ed , sc ience  is  able to  in tro d u ce , 
by  re c o u rse  to  concepts by postu la tio n , unobserved  e n titie s  and s t ru c ­
tu re s  in to  i ts  th e o r ie s . The ex isten ce  of such sc ien tific  o b jec ts  is
153n e v e r th e le s s  v e rif ia b le .
T h is v e rif ic a tio n , a s  d e sc rib e d  in  m o re  g e n e ra l te rm s  e a r l ie r ,
c o n s is ts  in  deducing th e o re m s  fro m  the p o s tu la tes  of the th e o ry  and
confron ting  the "concep ts by  p o stu la tion" in  the deduced th e o re m s  w ith
the  concep ts  by in spec tion  denoting the im m ed ia te ly  app rehended  data .
T h is  i s  w hat w as re f e r r e d  to  above a s  L an g e 's  p rob lem  of " p ra c tic a l
id en tifica tio n . " N o rth rop  c a lls  i t  the  p ro b lem  of " ep is te m ic  c o r r e -  
,,154la tio n .
W hen the d ire c tly  o b se rv ab le  ep istem ic  c o r re la te s  of 
the deduced th e o re m s  of the p o stu la tio n a lly  p re s c r ib e d  
th e o ry  a re  n a tu ra lly  o r e x p e rim en ta lly  ob serv ed , the  th e o ry  
is  con firm ed . If th ey  a re  not o b serv ed  o r the in sp ec ted  
da ta  a re  c o n tra ry  to  w hat is  c a lled  fo r , the th e o ry  i s  re je c te d . 
In the case  of co n firm ation , a  th e o re tic a l in v estig a tio n  of 
a lte rn a tiv e  hypo theses i s  p u rsu ed , w ith the p u rpose  of show ­
ing as  f a r  a s  is  p o ssib le  not m e re ly  th a t a given th e o ry  is
1 KQ
I b id . , p. 150.
154N o rth rop  defines th is  te rm  a s  follows; "An e p is tem ic  c o r r e ­
la tio n  is  a re la tio n  joining an  u n o b serv ed  com ponent of anything d e s ig ­
n a ted  by  a  concept by  p o stu la tion  to  i t s  d ire c tly  in sp ec ted  com ponent 
denoted  by  a concept by  in tu itio n ;"  see  N o rth rop , p. 119.
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confirm ed  by the da ta , but a lso  th a t i t  is  the only th eo ry  
which is  so confirm ed .
T h is concludes a  synoptic overv iew  of the m ethod of sc ien ces  
w ith p a r t ic u la r  in te re s t  around the  id ea  of induction.
F . Sum m ary and C onclusion 
T h is ch ap te r is  concerned  w ith the goal, n a tu re , and m ethod of 
sc ie n c e . It w as proposed  tha t the goal of sc ience  is  p r im a r i ly  tha t of 
n a rrow ing  the re a lm  of n e c e ss ity  and w idening th a t of freed o m  fo r m an. 
T h is i s  po ssib le  only th rough  the know ledge of the law s of n a tu re  fo r 
" freed o m  is  the ap p rec ia tio n  of n e c e ss ity "  and the law s of n a tu re  
n e c e s s a r i ly  e x is t - -a n d  e x is t o b jec tive ly , independent of hum an cap­
r ic e ,  w him , e tc . The ta sk  of sc ience  is  not to  d re a m  o r w ish  th ese  
law s, th ese  n e c e s s i t ie s ,  aw ay, but to  u n d e rs tan d  them . M an is  ru led  
by  th a t w hich he does not u n d erstand ; he ru le s  th a t w hich he u n d e r­
s tan d s .
B ecause  i t  d ea ls  w ith objective re a li ty - -w h e th e r  the p hysica l 
u n iv e rse  o r  hum an so c ia l e x is te n c e -- th e  approach  of sc ien ce  is  funda­
m en ta lly  the sam e re g a rd le s s  of the sp ec ific  a sp ec t of re a l i ty  which 
happens to  be the object of in te re s t .  In  fac t, in  o rd e r  to  study  the 
g e n e ra l c h a ra c te r is t ic s  of v a rio u s  sc ie n c es  i t  is  n e c e s s a ry  to  a b s tra c t  
fro m  the sp e c if ic itie s  of p a r t ic u la r  fie ld s  of sc ien tif ic  in v estig a tio n .
155I b i d . , p. 151.
I l l
T his  i s  the ta sk  of epi stom ology- - the  th e o ry  of know ledge.
P la to  saw re a l i ty  as  the m an ife s ta tio n  of id ea l, p e rfec t " fo rm s . " 
H egel saw re a l i ty  a s  a  h is to r ic a l  p ro c e s s - - th e  p ro c e ss  of "unfolding of 
R e a so n ."  Both th e se  p h ilo so p h ers  w e re , ep is to m o lo g ica lly  speaking, 
id e a l is ts .  T hat is  th ey  u ltim a te ly  red u ced  re a l i ty  to  m en ta l phe­
nom ena. B erk e ley  and M ach w ere  a lso  id e a lis t  in  the above sen se .
The beginning of the  m o d ern  e ra  w as ph ilosoph ically  c h a ra c te r ­
iz ed  by the r i s e  of a new epi stom ology: F ra n c is  B acon founded the 
schoo l of B r it is h  E m p ir ic ism : Newton, Hum e, H obbs, and Locke.
T h is  school of thought d e riv ed  co n sc io u sn ess  from  objective re a li ty  
r a th e r  than follow ing the id e a l is ts  in  tre a tin g  " id ea , " "F o rm , " and 
"R easo n "  as  having  independent ex is ten ce  p r io r  to a  s e t of co n cre te  
e x p e r ien c e s  by  hum an in d iv id u a ls . F o r  the B r it is h  e m p ir ic is ts  re a il ty  
w as u ltim a te ly  red u c ib le  to  " sen se  p e rc ep tio n s"  o r "ex p e rim en ts . "
If  r e a l i ty  ab ides no t in  the e m p h em era l e n titie s  of "R eason , " 
" F o rm , " and "Idea, " but in  the c o n c re te  ex is ten ce  of th ings and p ro ­
c e s s e s ,  i t  fo llow s th a t i t  i s  d isco v e rab le  not by suppositions about the 
" e s se n c e "  of th ings but by  a sy s te m a tic  o b serv a tio n  of th ings and p ro ­
c e s s e s  as th ey  a r e ,  th a t i s ,  by studying th e ir  "n a tu ra l h is to ry . " This 
i s  w hat B acon advocated .
R eflec tion  re v e a ls  th a t o b se rv a tio n  is  not independent of con­
c ep ts  and g e n e ra liz a tio n s  u n le ss  i t  i s  in te rp re te d  in  a v e ry  n arrow  
sen se  in  w hich c ase  i t  b eco m es in s ig n ifican t fo r  the pu rpose  of sc ien ce .
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In a p a r tic u la r  se ttin g  m en use  th e ir  g e n e ra l knowledge of th ings and 
p ro c e ss e s  to  observe  a p a r tic u la r  th ing o r p ro c e ss . The g en era l 
knowledge of a m an is  the re s u lt  of m any p a r tic u la r  ex p erien ces  which 
a re  sy n thesized  in to  a w ho le--hum an  co n sc io u sn ess .
But the specific  n a tu re  (or m echan ism ) of the in terdependence  
betw een ob serv atio n s  and concepts (or no tions, o r th e o rie s )  cannot be 
studied in  g en era l te rm s . The lev e l of a b s tra c tio n  ap p ro p ria te  to 
ep istom olog ica l co n sid e ra tio n s  m ust be abandoned in  favo r of a low er 
one which p e rm its  the in v estiga tion  of the ac tu a l m echan ism  of sc ie n ­
tif ic  o b serv a tio n , c la ss if ic a tio n , g en era liz a tio n . F o r  th is  purpose 
b iology and psychology w ere  se lec ted  as  co n cre te  m edium s fo r  the 
study of som e g e n e ra l m ethodological co n sid e ra tio n s .
B iology exem plifies  the s ign ificance of w hat N o rth ro p  c a lls  the 
"n a tu ra l h is to ry  s tag e"  of s c ie n c e -- th e  inductive B aconian approach . 
P sychology, on the o ther hand, is  c h a ra c te r iz e d  by  i ts  gigantic su p e r­
s tru c tu re  of th e o rie s  b u ilt on a v e ry  n a rro w  e m p ir ic a l b a se . In th is  
re sp e c t the la t te r  o ffe rs  an in te re s tin g  m ethodological analogue to  
econom ics.
It w as shown tha t biology s ta r te d  fro m  a v e ry  p rim itiv e  c la s s i ­
f ic a to ry  sy stem  w here  the p lan t and an im al sp ec ie s  w ere  grouped on 
m orpho log ica l grounds. W ith the d ram a tic  in c re a s e  in  fac tu a l m a te r ia ls  
th a t o c c u rre d  during  the e r a  of geograph ic  d isc o v e rie s , the sy stem  of 
c la s s if ic a tio n  in  u se  becam e incapab le  of o rd e rin g  a ll  the availab le
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fac ts  in  a  coheren t, unified  and co n sis ten t w hole. The sh ift to  a  m ore  
th e o re tic a l b a s is  w as evident. The p re se n t phylogenetic b a s is  of 
c la ss if ic a tio n  which g roups sp ec ie s  accord ing  to  th e ir  " rep ro d u c tiv e  
iso la tio n "  is  the re s u lt  of som e th ree  cen tu ries  of observ a tio n  and 
th eo riz in g  with L innaeus (1707-1778) and Darwin (1809-1882) as  two 
gian t e m p ir ic is ts  in  th is  fie ld .
In psychology the c la s s if ic a to ry  w ork on m en ta l d iso rd e rs  have 
been  one fa ilu re  a f te r  an o th er. Such sy s tem s , lacking a th e o re tic a l 
foundation, have been b ased  on observab le  c h a ra c te r is t ic s .  But th is  
h a s  been  fo r  the m o st p a r t  a f ru i t le s s  ta sk  due to  ex trem e  v a ria b ility  
and ex isten ce  of functional dependence am ong the v a rio u s  sym ptom s.
W ith the wide accep tance  of F reu d ian ism  the ta sk  h a s  becom e 
even m o re  h o p e less . F reu d  in tro d u ced  a fan ta s tic  th e o re tic a l sy stem , 
s ta r tin g  w ith nothing but few suppositions. What is  known a s  h is  
" c lin ica l o b servations"  w e re  e sse n tia lly  the re s u lts  of in te rp re ta tio n  
of p a tie n ts ' d ream s re p o r te d  by them  as he a ss is te d  them  by the te ch ­
nique of " free  a s so c ia tio n ."  T hus, h is  observations p resuppose  the 
v a lid ity  of the m ethods of d ream  in te rp re ta tio n  and fre e  a sso c ia tio n .
An a lte rn a tiv e  to  F re u d 's  sub jec tive  approach  is  P av lo v 's  
objective approach  which tr a c e s  m en ta l phenom ena to  the  opera tion  
of the c e re b ra l  physiology. H ence, psychic pathology m u st find i ts  
ro o ts  in  c e re b ra l  pathology. The la t te r  can be stud ied  ex p erim en ta lly . 
P a v lo v 's  m ethods and h is  th eo ry  of conditioned and unconditioned
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re fle x e s  showed a  pathw ay in  th is  d ire c tio n . P sychology  i l lu s tr a te s  a 
c la s s ic  exam ple of p e rs is te n t f ru s tra tio n  of a  sc ience  in  the face of 
m ultitude and v a ria b ility  of fa c ts . I t shows how fu tile  i t  is  to a ttem p t 
to  o rd e r  fac ts  in to  a co n sis ten t whole w ithout a c c e ss  to  a th eo ry  which 
would se rv e  as a guide.
In econom ics the ac tiv itie s  of o b se rv a tio n  and re co rd in g  of da ta  
is  s e p a ra te d  from  th e o re tic a l w ork . The fo rm e r  is  done by the v a rio u s  
go v ernm en ta l and p riv a te  agencies not fo r  the p u rpose  of an a ly s is  but 
as a  b y -p ro d u c t of re co rd -k eep in g  a c tiv itie s  re la te d  to  th e ir  leg a l and / 
o r a d m in is tra tiv e  re sp o n s ib il it ie s .
E a r ly  in  the developm ent of econom ics the study  of b u s in ess  
accounting  and econom ic m e asu re m e n t w as in se p a ra b le  from  the  study 
of econom ics p e r  s e . Then the two se p a ra te d  and have rem a in ed  e s s e n ­
tia l ly  se p a ra te  to  th is  day. H ow ever, the  co m p lex itie s  of the g ian t 
co rp o ra tio n  i s  dem anding a sy s tem a tic  app roach  to  the  co llec tio n  and 
in te rp re ta tio n  of v a s t am ounts of in tr a -c o rp o ra tio n  da ta . W ithout a 
th e o re tic a l  fram ew o rk  i t  is  im p o ssib le  to  sy n th es ize  th e se  data  in to  a 
m eaningfu l w hole. L in ea r p ro g ram m in g , p ro c e s s  a n a ly s is , and input- 
output m odels a re  am ong such fram ew o rk s .
T hus, once again  the w ork  of the th e o re tic ia n  h a s  becom e in ­
sep a rab le  fro m  data  co llec tion  and o b serv a tio n . He m u st in d ica te  w hat 
and how data  should be co llec ted . H ere  the p ro b lem  of c la ss if ic a tio n  
of da ta  is  not a  m e re  nu isance  th a t can be b ru sh ed  a sid e  by the
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th e o re tic ia n  a s  too m undane to  be of in te re s t .  It i s  the v e ry  b rid g e  b e ­
tw een the th e o re tic a l m odel and i ts  ac tu a l app lication . W ithout id en tify ­
ing w hat th e o re tic a l c a te g o ry  each  co n cre te  fac t belongs to  the theo­
r e t ic a l  m odel cannot be converted  in to  a s ta t is t ic a l  analogue of the 
ac tu a l p ro c e s s  o r  o p era tio n  under in v estig a tio n . T h is  id en tifica tio n  of 
th ings and p ro c e s s e s  in  re la tio n  to  sp ec ific  c a te g o rie s  th ey  belong to  is  
c a lled  the p ro c e ss  of " p ra c tic a l  iden tifica tio n "  by L ange.
The la s t  p a r t of the ch ap te r is  co n cern ed  w ith the  in te rdependence  
betw een induction , deduction, and red u c tio n  as  the th re e  com ponents of 
the sc ien tif ic  m ethod. Induction c o n s is t in  the draw ing of g e n e ra l con­
c lu sio n s  fro m  p re m is e s  which a re  p a r t ic u la r  c a s e s  of th e se  conclusions. 
O b se rv a tio n  and sy s te m a tic  a rra n g em en t of fa c ts  belong to  inductive  
inqu iry . H ow ever, soon o r  la te  in  the developm ent of a  sc ien ce  the 
sy s te m a tic  a rra n g em en t of fac ts  beco m es dependent on a deductively  
fo rm u la ted  th eo ry .
D eduction c o n s is ts  in  the draw ing  of conclusions fro m  p re m is e s . 
R eduction , on the o th e r hand, see k s  the ju s tific a tio n  of p re m is e s  on the 
b a s is  of conclusions d raw n from  th em . T hus, red u c tio n  co n s is ts  in  
re v e rs in g  the d ire c tio n  of deductive in fe re n c e .
The continuous in te rp la y  betw een  induction , deduction, and 
red u c tio n  co n stitu tes  the v e ry  e sse n ce  of the sc ien tif ic  m ethod. N e ith e r 
can be functional of any value w ithout the help  of o th e rs . W ithout in ­
duction the deductively  fo rm u la ted  th e o ry  la ck s  an in tim a te  re la tio n
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w ith re a l i ty . W ithout deduction the  m ultitude of fa c ts  hide th e ir  
n a tu re , m aking  th e m se lv e s  un in te llig ib le  to  hum an m ind. R eduction 
i s  a  m ethod of checking the deg ree  of co rre sp o n d en ce  betw een a th eo ­
re t ic a l  su p position  and the e m p ir ic a l re a lity .
Any sc ien ce  th a t ig n o re s  th is  in escap ab le  in te rdependence  
am ong induction , deduction , and reduction  is  bound to  s e r io u s ly  d e p a rt 
from  i ts  g o a l- - th a t  of u n d erstand ing  re a lity .
In  the  nex t c h ap te r  som e m ethodolog ical p ro b lem s in  econom ics 
w ill be s tu d ied  ag a in s t the background of the m a te r ia ls  in  th is  c h ap te r .
CHAPTER III
ECONOMICS AS AN EM PIRICAL SCIENCE: PROBLEMS IN 
EPISTOMOLOGY, METHODOLOGY, AND ANALYSIS
1. In troduction
U ntil re c en tly  econom ic th e o r is ts  and econom ic e m p ir ic is ts  
have w orked in  a lm o st com plete independence, dichotom izing the 
sc ience  in to  two sep a ra te  com p artm en ts  w ith little  o r  no in te ra c tio n  
betw een the two. T h is chap ter stud ies som e a sp ec ts  of th is  phe­
nom enon. T his is  a fundam ental m ethodological p rob lem  facing the 
sc ien ce . Being fundam ental, i t  is  n a tu ra l to find i ts  v a rio u s  m an i­
fe s ta tio n s  at a ll lev e ls  of econom ic in q u iry , from  the m o st sp ec if ic ­
a lly  fo rm u la ted  p rob lem s to  the m ost a b s tra c t  co n sid e ra tio n s  w ith 
re g a rd  to  the n a tu re  and s ign ificance  of econom ic o b serv a tio n s , 
po in ts of d ep artu re  fo r th e o re tic a l an a ly s is , notions of ob jectiv ity  
(as opposed to  sub jec tiv ity ) of econom ic m agnitudes o r re la tio n s , 
concepts of econom ic in te rdependence , and econom ic s tru c tu re .
T h e re fo re , co n sid e ra tio n s  about m ethods, analy tica l
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sch e m e s , and ph ilosophical p resu p p o sitio n s  and im p lica tions becom e 
e sse n tia l .
Section 2 exam ines the m ethod of " in te llec tu a l experim entation" 
w hich co n sis ts  of a deductively  fo rm u la ted  m o d e l--a  s im p lifica tio n  of 
r e a l i ty - - in  o rd e r  to  g ra sp  the e sse n tia l fe a tu re s  of the com plex eco ­
nom ic life . It is  concluded th a t th is  type of d ed u ctive ly -fo rm u la ted  
th e o ry  which is  held  to  stand  by i ts e lf  is  of lit t le  e m p ir ic a l s ig n ifi­
cance . The m ethod is  e s se n tia lly  at v a rian ce  w ith the sc ien tific  
m ethod w hich co n s is ts  of p e rp e tu a l in te rp la y  betw een induction , de­
duction, and reduc tion . The m ethod b y -p a s se s  the so -c a lle d  "n a tu ra l 
h is to ry "  s tage  of i ts  developm ent to  the d e trim en t of econom ics as an 
e m p ir ic a l sc ien ce .
Section 3 exam ines the m ethod of " id ea liza tion" in  econom ics 
and shows th a t th e re  is  lit t le  s im ila r i ty  of any substance betw een 
" id ea l sy s te m s"  in  econom ics and those  in  p h y sics , and th a t frequen t 
re fe re n c e s  to  the physica l id e a l sy s tem s  such as  " ideal g a s , " " ideal 
pendulum , " e t c . , found in  the econom ic l i te ra tu re  a re  u tte r ly  m is ­
lead ing  and have no m ethodolog ical ju s tifica tio n  w h atsoever.
S ections 4 and 5 exam ine the question  of s ign ificance of te ch ­
no log ical in fo rm atio n  in  the  econom ic sc ien ce . I t  is  shown th a t the 
agg regative  concepts of o v e ra ll p roduction  function cannot se rv e  
econom ics u se fu lly  fo r they  su p p re ss  the im m en se  qualita tive  d iffe r­
en ces  th a t c h a ra c te r iz e  the ac tua l p ro c e ss  of production  and p rev en t
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econom ics fro m  a ss im ila tin g  th is  v a st am ount of fa c ts  w hich would 
help the sc ien ce  to  a ssu m e  a  m o re  e m p ir ic a l c h a ra c te r , com ing 
c lo se r  to  being a quan tita tive ly  v e rif ia b le  sc ien ce .
Section 6 in tro d u ces  the notion of " o rd e r  of n a tu re "  and con­
c ludes th a t the  concept of in v a rian ce  c o n s titu te s  the g en e ric  fe a tu re  
of a ll ty p es  of " o rd e r"  in n a tu re . The n a tu re  and m eaning of in v a r i­
ance in econom ics is exam ined and it  is concluded th a t th is  concept is  
e s se n tia l in e m p ir ic a lly -o rie n te d  econom ic m odels. C la ss if ic a to ry  
sy s te m s  in o ther sc ie n c es , a s  in econom ics, a im  at cap tu rin g  th e  
e sse n tia lly  in v a rian t re la tio n sh ip s  th a t e x is t in th e  r e a l  w orld . E co ­
nom ic in v a rian ces  a re  shown to  have th e ir  ro o ts  in th e  e s se n tia l 
in e r t ia  of the techno log ica l and so c ia l p ro c e s s e s :  h ab its , cu sto m s, 
and in s titu tio n a lized  b e h av io rs .
Section  7 d is c u s se s  c e r ta in  m ethodo log ical fe a tu re s  of e co ­
nom ics under the  t i t le s  " th e o re t ic a l ty p ic a lism "  and " th e o re tic o -  
e m p iric a l ag g reg a tio n ism . " It is  shown th a t both  th e se  fe a tu re s  in ­
d icate  a sp e c ts  of an a n ti-e m p ir ic a l  tendency  in  econom ic an a ly s is .
In Section 8 c e r ta in  su b jec tiv is tic  ten d en c ie s  in econom ics 
a re  exam ined and the  re la tio n sh ip s  betw een p ra x io lo g y -- th e  sc ien ce  
of ra tio n a l b e h a v io r--a n d  econom ics a r e  p a r tia lly  exp lo red . It is  
concluded th a t th e re  e x is ts  a  c e r ta in  dom inant tendency  in econom ics 
to  t r e a t  the  sc ien ce  a s  a b ra n c h  of p rax io logy . T h is in re a l i ty  
am ounts to  the  liqu idation  of econom ics a s  an  e m p iric a l sc ien ce .
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Sections 9 and 10 deal w ith c e r ta in  v eh ic les  of econom ic 
an a ly s is : p a r t ia l  and g en e ra l eq u ilib riu m  and e co n o m e tric s .
Thus the dichotom y betw een th e o re tic a l and e m p ir ic a l eco ­
nom ics i s  exam ined in  s e v e ra l of i ts  e s s e n tia l  a sp e c ts . It is  gen­
e ra l ly  p rop o sed  th a t c la ss if ic a tio n  of fac ts  and d isag g reg a tio n  of 
th e o re tic a lly - fo rm u la te d  concepts and re la tio n s  is  the  only b rid g e  th a t 
can re la te  econom ic tlieo ry  to the o bserved  re a l i ty  of econom ic life 
and m ove econom ics fo rw ard  tow ards the s ta tu s  of an e m p ir ic a l 
sc ien ce .
2. G en era l C o n sid era tio n s  C oncern ing  
M ethodology in  E conom ics
The dom inant m ethod in  econom ic an a ly s is  i s  "the m ethod of
in te lle c tu a l ex p e rim en t. Boulding d e sc r ib e s  th is  m ethod as follow s:
. . . W hat we do i s  to  p o s tu la te , in  o u r own m inds, 
econom ic sy s te m s  which a re  s im p le r  than  re a li ty  but m o re  
e a sy  to  g ra sp . We then  w ork  out the  re la tio n sh ip s  involved 
in  th e se  s im p lified  sy s te m s  and, by in troducing  m o re  and 
m o re  com plex a ssu m p tio n s , fin a lly  w ork  up to  the con­
s id e ra tio n  of re a l i ty  its e lf .
That th is  i s  the  g e n e ra lly  accep ted  conception of the m ethod of eco ­
nom ic a n a ly s is  is  taken  fo r  g ran ted  in  the follow ing d iscu ss io n .
S im ila r  quo tations can be found throughout the l i te ra tu re  fro m  the
"K. E . B oulding, Econom ic A n a ly s is . Vol. 1: M ic ro ­




m o st e le m e n ta ry  textbooks to  advanced t r e a t is e s .
Now, the m o st d is tin g u ish ab le  fe a tu re  of P r o fe s s o r  B ould ing 's 
exposition  above is  i ts  e n tire ly  su b jec tiv is tic  fo rm u la tio n . It m akes 
no re fe re n c e  to  a n e c e s s ity  of confron ting  the econom ic sy stem  to  be 
p o stu la ted  in  "o u r m inds"  w ith re a lity . T h e re  see m s to  be no need 
fo r checking "the co n s id e ra tio n  of r e a l i ty  i ts e lf"  w ith the objective 
re a lity . As if  "the c o n s id e ra tio n  of re a lity "  is  n e c e s s a r i ly  the v e ry  
re a l i ty  being  co n sid e re d . But th e re  is  no a ssu ra n c e  th a t th e re  a re  
u n m istak ab le  paths lead ing  one fro m  a sy s te m  p o stu la ted  in  o n e 's  
m ind to  the  objective  re a li ty .
Now, i t  so  happens th a t the only a re a s  of hum an knowledge 
th a t com e c lo se  to  being  se lf -su ff ic ie n t e n tire ly  in  th e m se lv e s  a re
3
log ic and m a th e m a tic s . H ere  the tru th  of conclusions is  im p lied  by 
the  p o s tu la te s . T hat i s ,  one can sy s te m a tic a lly  m ove, in  acco rd an ce  
w ith c e r ta in  ru le s  of log ic , fro m  one s e t  of p ro p o sitio n s  to  an o th er, 
w ith  no re fe re n c e  to  th ings e x te rn a l to  th ese  ru le s  and p ro p o sitio n s . 
T h is  m ay  be ca lled  a  p u re ly  in te lle c tu a l e x e rc is e . I t  is  no d iffe ren t 
than  P r o fe s s o r  B ou ld ing 's  " in te lle c tu a l e x p e r im e n t."  Indeed , th is  
id en tity  h a s  not gone unnoticed  by  P r o fe s s o r  Boulding who, how ever.
3
E ven  h e re  the  ax iom s a s  w ell a s  the law s of logic a re  not 
e n tire ly  independent of e x p e rien c e . U nfo rtunate ly  an a ttem p t to  sub­
s tan tia te  th is  view would lead  to  a leng thy  d ig re s s io n , w hich is  not 
ju s tif ia b le  h e re .
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p re fe rs  to  r e fe r  to  i t  as "analogy  w ith m ath em atics"  in s tead  of the 
m o re  d esc rip tiv e  connotation "the id en tity  w ith m a th e m a tic s ."
He notes tha t " th is  m ethod is  s im ila r  in  a g re a t m any re sp e c ts
5
to the m ethod of pure  m a th em atics , " He e lab o ra te s :
. . In so -c a lle d  pure  econom ics we . . . s ta r t  from  sim ple
assum ptions and deduce from  them  conclusions which n e c e s sa r ily
follow. [Boulding's em p h as is . ] He continues: "The p ropositions
7
of pure  econom ics, th e re fo re , a re  a ll hypothetical p ro p o s itio n s ."  
[B oulding 's e m p h as is .]
P ro fe s s o r  Boulding p ro ceed s  to  specu late  about a "non-
g
E uclidean  econom ics. " He say s  th a t " it would be quite p o ssib le  to 
build  up any d e s ired  sy stem  of econom ics, depending on the in itia l 
a ssum ptions taken. Ju s t  as i t  i s  p o ssib le  to  have non-E uclidean  
g eo m etrie s  in  m a th e m a tic s -- th a t i s ,  g eo m etrie s  w hose fundam ental 
ax iom s do not co rre sp o n d  to  the fac ts  of our o rd in a ry  e x p e r ie n c e --so  
th e re  can be non-E uclidean  sy s tem s  of econom ic re la tio n sh ip s  in
^Boulding, p. 11.
^Ibid.




econom ics w hose fundam ental ax iom s do not co rre sp o n d  to the fac ts
g
of our ex p erien ce . " F u r th e r  on he qua lifies  h is  re m a rk s  by saying 
tha t "n a tu ra lly  . . . we a re  m ore  in te re s te d  in  those  assum ptions 
which co rre sp o n d  m ost c lo se ly  to re a li ty  as  we know i t ,  i. e . , to  the 
sy stem  in which we liv e . T his question  of the d eg ree  of p ro x im ity  
to  re a lity  w ill be taken  up in  the subsequen t d iscu ss io n . H ere , i t  is  
ap p ro p ria te  to  follow P r o fe s s o r  B ould ing 's exposition  because  so fa r  
h is  tre a tm e n t has been  r a th e r  a b s tra c t . It is  n e c e s sa ry  to  seek  m ore  
substance in  the d isc o u rse .
"The m ethod of econom ic a n a ly s is , " w rite s  P ro fe s s o r  
Boulding, " is  to s ta r t  w ith v e ry  sim ple  assum ptions concern ing  hum an 
beh av io r, then  to  d isco v e r w hat consequences would follow fo r the 
econom ic sy stem  if  th e se  assu m p tio n s  w ere  tru e .  ^ [E m phasis added, 
M. M. ] Thus i t  i s  sa id  th a t the substance  of the sy stem  to  be postu ­
la ted  co n s is ts  of a  s e t of a ssum ptions concern ing  hum an behav io r.
As fo r a ssu m p tio n s  concern ing  hum an b eh av io r, th ese  a re  of 
a  psycholog ical c h a ra c te r  in  the fo rm  of re a c tio n  to  s tim u li, with 
choice among a lte rn a tiv e s  being  the v e ry  e ssen ce  of the b eh av io ra l
^Ibid.
^°Ibid.
^ 4 b i d . , p. 13.
124
asp ec t which is  of in te re s t .  An ex p lic it s ta tem en t of th is  is  g iven  by
Lionel Robins: "E conom ics is  the sc ien ce  which s tu d ies  hum an be-
h av io r as a  re la tio n sh ip  betw een ends and sc a rc e  m eans which have 
12a lte rn a tiv e  u se s , " [E m phasis added, M .M .]
By the study  of hum an b eh av io r is  g e n e ra lly  m eant the a s s ig n ­
m ent of som e m otives to  v a rio u s  g roups of people engaged in  econom ic 
ac tiv ity . Thus p ro d u ce rs  and co n su m ers  a re  held to  seek  to  m ax im ize  
p ro fit and sa tis fa c tio n , re sp e c tiv e ly , in  the face of given c o n s tra in ts  
such as  to ta l expend itu re  p e r  p e rio d  w hich is  a  d e te rm in a te  quan tity . 
T hese  p o s tu la tes  a re  sa id  to  be se lf-e v id en t, though som e eco n o m ists  
do not ag ree  w ith th is  c la im . B efo re  con sid erin g  such d iffe ren ces  of 
opinions, how ever, a p re c is e  s ta tem e n t of the is su e  w ill he lp  to  c la r ify  
the  argum ent:
"The p ro p o sitio n s  of econom ic th eo ry , " w rite s  L ionel R obins, 
"like a ll sc ien tific  th eo ry , a re  obviously  deductions fro m  a s e r ie s  of 
p o s tu la te s . And the ch ie f of th e se  p o s tu la te s  a re  a ll  a ssu m p tio n s  in ­
volving in  som e w ay s im p le  and ind ispu tab le  fac ts  of ex p erien ce  r e ­
la ting  to  the  w ay in  w hich the s c a rc i ty  of goods . . . a c tu a lly  shows
13its e lf  in  the w orld  of re a l i ty .  . . . "  [E m phasis added, M .M . ]
12L io n el R obins, An E s s a y  on the N atu re  and S ignificance of 
Econom ic Science, 2nd ed. ; London: M acm illan , 1946, p. 16.
^^Ib id .,  p. 78.
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T his a lleg ed  s im p lic ity  and in d isp u tab ility  of " fac ts  of ex p erien ce"  is  
d ispu ted  b y  Koopm ans on the grounds th a t m any e s s e n tia l  a sp e c ts  of 
co n su m er b eh av io r a re  le ft out. S pecifically , co n su m ers  a re  denied 
"such  p r iv ile g e s  as  the joy in  random  v a r ia b ility  in  consum ption, as 
w ell as  i t s  opposite , the com fort of consum ption h ab its  som ew hat 
rig id ly  m ain ta ined  u n d e r vary ing  c irc u m sta n c e s . Koopm ans l is ts  
a num ber of o th e r fa c to rs . Lange adds o th e r fa c to rs  such a s  the in te r ­
fe ren ce  of p e rsu a s iv e  a d v e rtis in g  w ith the " ra tio n a liz a tio n  of household 
15ac tiv ity . " K oopm ans re m a rk s  th a t s im ila r  " r e a l is t ic "  ob jections 
have so  freq u en tly  been  m ade w ith re g a rd  to  the two p o stu la tes  of
e n tre p re n e u r ia l  b eh av io r known as "p ro fit m ax im ization" and "p e rfe c t 
com petition" th a t th e re  i s  no need fo r th e ir  re p e titio n . The co n tro ­
v e r s ie s  a r e ,  of c o u rse , of long standing  and i t  w ould be im p o ssib le  to
17p re se n t even  a  sam ple  of the a rg u m en ts  involved. An exhaustive
14T ja llin g  C. K oopm ans, T h ree  E s sa y s  on the State of E co ­
nom ic S c ience , New York: M cG raw -H ill Book C o . , 1957, p. 137.
15O sc a r  Lange, P o li tic a l Econom y . . . , p. 261; Lange p re ­
sen ts  s e v e ra l  in te re s t in g  quotations fro m  Vance P a c k a rd , The Hidden 
P e rs u a d e rs ,  New Y ork: 1958.
16K oopm ans, p. 78.
17A se lec tiv e  s e t of the m ain  w orks m ay  be given: J . N. 
K eynes, The Scope and M ethod of P o litic a l E conom y, New York:
1955; T . W. H utch ison , The Significance and B asic  P o s tu la te s  of 
Econom ic T h eo ry , London: 1938; R. F . H arro d , "The Scope and
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rev iew  of th ese  c o n tro v e rs ie s  i s ,  fu r th e rm o re , not n e c e s s a ry  fo r  the 
p u rpose  of th is  study. T h is point should becom e evident a s  the a rg u ­
m en t p ro c e ed s .
It should be pointed out th a t the  above c r i t ic is m  by Koopm ans 
is  not n e c e s s a r i ly  w aged ag a in s t the p u re ly  postu la tio n a l m ethod as 
such but ag a in s t the n a tu re  and " re a l is m "  of the p o s tu la te s . K oopm ans 
is  co n cern ed  w ith " re fin e m e n t"  o r  " im p ro v em en ts"  not w ith the m ethod 
as a  whole :
L e t u s  . . . a sk  o u rse lv e s  . . . w h e th er we can 
g lim p se  som e d ire c tio n s  in  w hich g re a te r  re a l is m  can  be 
a tta in ed  by the in tro d u c tio n  of fu r th e r  re fin em en ts  o r  im ­
p ro v em en ts  in to  the sy s te m  o r  sy s te m s  of p o s tu la te s  u n d e r­
lying econom ic a n a ly s is . In p a r t ic u la r ,  we should  seek  
g r e a te r  c la r i ty  on the  question  w h e th er the c la s s  of p o s tu ­
la te s  tha t im p re s se d  P r o fe s s o r  Robins by  th e ir  obvious­
n e ss  h as  p e rh a p s  by now b een  exhausted . If so , the 
'c a s u a l ' e m p ir ic ism  w hich h a s  seem ed  fo r  a tim e  to  be a 
su ffic ien t b a s is  fo r econom ic a n a ly s is  would have to  be 
su p e rse d ed  to  an in c re a s in g  ex ten t by  m o re  sy s te m a tic  
o b se rv a tio n  and d ire c t  o r  in d ire c t  te s tin g  of p o s tu la te s .
In  the follow ing p assag e  K oopm ans show the id e n tity  of h is  con­
cep tion  of the  m ethod of econom ics w ith  those  of Boulding and Robins 
even m o re  em phatica lly :
M ethod of E conom ics, " E conom ic J o u rn a l, X LV lll, S ep tem b er, 1938, 
383-412; M ilton F r ie d m a n , "The M ethodology of P o s itiv e  E co n o m ics , " 
E s sa y s  in  P o s itiv e  E co n o m ics , C hicago: U n iv e rs ity  of C hicago P r e s s ,  
1953, pp. 1-43; M ax W eb er, On the M ethodology of S ocial Science , 
t r a n s .  and ed. E . A. Skils and H. A. F inch , New Y ork: The F re e  
P r e s s  of G lencoe, 1949; fo r add itional re fe re n c e s  see  foo tno tes 12 
and 14.
18K oopmans, p. 150.
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. . .  We look upon econom ic th eo ry  as  a sequence of 
conceptional m odels tha t seek  to  e x p re ss  in  sim plified  form  
d ifferen t a sp ec ts  of an alw ays m ore  com plicated  re a lity .
At f i r s t  these  a sp ec ts  a re  fo rm u la ted  as m uch as feasib le  
in  iso la tio n , then in com binations of in c re a s in g  re a lism . 
(K oopm ans's em phasis)
W here Koopmans d iffe rs  from  the o th er two a lread y  m en­
tioned is  in  h is  em phasis  on the ro le  of u n certa in ty  and in com ple te ­
n ess  of in fo rm atio n , a sp ec ts  tha t Koopmans co n s id e rs  to  be not in c i­
dental but fundam ental to  the behav io r of econom ic ag enc ies. He 
a lleg es  th a t R ob ins 's  "ca su a l e m p iric ism "  can be rep laced  by 
"sy s te m a tic  e m p iric ism "  c h a ra c te r iz e d  by preoccupation  with 
" sy s te m a tic  observ atio n  and d ire c t and in d ire c t te s tin g  of p o s tu la te s ."  
(See the quotation above). As to  w hether the postu la tes  can be te s te d  
o r  p re c ise ly  what co n stitu tes  sy stem a tic  o b servation , Koopmans
seem s to  hold th a t an exp lic it account of the ro le  of u n certa in ty  is  the 
20key.
As th ings stand  the lack  of o p era tio n a l u sefu ln ess  of econom ic 
th eo ry  is  c le a r ly  evident in  the context of the following p assage  from  
Koopm ans:
The tem pta tion  to  iden tify  the re s u lts  of ex isting  
econom ic th e o ry  w ith econom ic th eo ry  as su ch --an d  
to  d isqualify  both in  one b r e a th - - is  s tro n g e s t fo r the
19T his view is  s c a tte re d  throughout K oopm ans's d iscu ssio n . 
See sp ec ifica lly  Ib id . , pp. 146-147, 149, 150, and 155-161.
9 0 I b id . , p. 150.
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ex p erien ced  econom ic ad v iso r to  governm ent o r 
b u s in e ss , to  whom the lim ita tio n s  of ex isting  th eo ry  
a re  m o st pa in fu lly  ap p aren t. One can h e a r  such fe e l­
ings re v e rb e ra te  in  s ta tem en ts  m ade a t p ro fess io n a l 
m eetings by ou tstanding  le a d e rs  of the econom ic p ro ­
fe ss io n , who in  th e ir  younger days m ade im p o rtan t 
con tribu tions to  econom ic theo ry .
In the la s t  c h ap te r  i t  w as shown how psycho log ists  a re  u tte r ly  
h e lp le ss  in  a  sy s te m a tic  c la ss if ic a tio n  and iden tifica tion  of m en ta l 
phenom ena in  sp ite  of the im p re s s iv e  th e o re tic a l co n stru c tio n  of 
F re u d . The F reu d ian  sy stem  w as ap p ra ised  from  a m ethodological 
view point and i t  w as shown th a t i t  c o n s is ts  of a  d eductive ly -fo rm u la ted  
th e o ry  b u ilt upon a  n a rro w  b ase  of e m p iric a l o b serv a tio n s . It w as 
shown, fu r th e rm o re , th a t th e se  ob serv atio n s  w ere  not independent of 
the th eo ry ; to  the  c o n tra ry  th ey  cannot be m ade w ithout the app lication  
of the  th e o ry  i ts e lf .  As such , the F reu d ian  sy stem  prov ides a  m ost 
re m a rk a b le  in s tan ce  of " in te lle c tu a l experim en ta tion . " Too bad tha t 
such " in te lle c tu a l e x p e rim en ts"  a re  of l i t t le  help  to  the p ra c titio n e rl 
In  the d iscu ss io n  of m ethodology of e m p ir ic a l sc ien ces  it w as 
shown how the  F reu d ian  sy s tem  v io la tes  the accep ted  m ethod of 
sc ien ces  by lim itin g  i t s e l f  to  deduction.
Now, econom ic th e o ry  finds i ts e lf  in  a  s im ila r  s itu a tio n . But 
eco n o m ists  e x p re ss  le s s  anx iety  w ith re s p e c t to  th is  s ta te  of a ffa irs  




not only a  sen se  of com placence but o ccas io n a lly  a lso  one of p rid e  in  
th is  re g a rd . Koopmans e x p re s s e s  h im se lf  as  follows:
The th e o rie s  th a t have becom e d e a r  to u s  can  v e ry  w ell 
s tand  by th em se lv e s  as an im p re s s iv e  and h ighly  valuable 
sy s tem  of deductive thought, e re c te d  on a few p re m is e s  tha t 
seem  to  be w ell chosen  f i r s t  ap p rox im ations to  a com pli­
ca ted  re a lity . They exh ib it in  a  s tr ik in g  m an n er the pow er 
of deductive reaso n in g  in  draw ing conclusions w hich, to  the 
ex ten t one accep ts  th e ir  p re m is e s ,  a re  h ighly  re le v an t to  
questions of econom ic policy . In m any case s  the knowledge 
th e se  deductions y ield  is  the b e s t  we have, e ith e r  because  
b e tte r  app rox im ations have not been  se c u re d  a t the lev e l of 
p re m is e s ,  o r  b ecau se  co m p arab le  reaso n in g  fro m  p re m is e s  
reco gn ized  a s  m o re  r e a l is t ic  h a s  not been  com pleted  o r has 
not y e t been  found p o ss ib le . Is  any s tro n g e r  defense needed, 
o r  even d e s ira b le ?
O th e rs  a re  le s s  w illing  to  le t th e o r ie s  stand  by th em se lv es  as 
" im p re s s iv e  sy s te m s  of deductive thought" and r e f e r  to  the need  fo r 
e m p ir ic a l  re lev an ce  in  th e o re tic a l w o rk . M rs . R obinson ad m its  th a t 
"the gap betw een the to o l-m a k e rs  and the to o l-u s e r s  is  a d is tre s s in g ly  
wide one, and no econom ist can  fa il to  have sym pathy  w ith the im ­
p a tience  of the  p o litic ian , the b u s in essm an , and the s ta t is t ic a l  in v e s ­
tig a to r , who com plain  of the  e x tre m e ly  p o o r, a r id , o r  even m is le ad -
23ing  in fo rm atio n  w ith w hich the an a ly tica l eco n o m ists  provide h im . "
But she ho lds th a t th is  s ta te  of a ffa irs  should in  no w ay d isco u rag e  the
po
I b id . , p. 142.
23 Joan  R obinson, The E conom ics of Im p e rfec t C om petition , 
London: M acm illan  and C o . , L td . , 1964, p. 1.
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th e o r is ts .  H ow ever, i t  should induce h im  "to  e lab o ra te  h is  an a ly s is
,,24
so m uch tha t i t  can  begin  to  be usefu l. As fo r the p ra c tic a l  m an,
he "m u st be asked  to  have p a tien ce , and m eanw hile the econom ist
m u st p e rfe c t h is  to o ls  in  the hope of being able so o n er o r  la te r  to
25m eet the p ra c t ic a l  m a n 's  re q u ire m e n ts . "
E lab o ra tio n  of an a ly s is  is  seen  as  a w ay of b ring ing  econom ic
th e o ry  c lo s e r  to  re a l i ty , b ecau se  "the m o re  com plicated  the an a ly s is ,
the m o re  com p lica ted  the assu m p tio n s  upon w hich i t  w ill w ork , and
the n e a r e r  a ssu m p tio n s  can  be m ade to  the com plicated  conditions of 
2 6the r e a l  w orld . " Thus M rs . Robinson se e s  h e r  ta sk  as  e lab o ra tin g  
econom ic a n a ly s is  by m ean s of recogn izing  " im p e rfec tio n s"  in  the 
r e a l  w o rld  and m odifying the th e o ry  by  dep artin g  fro m  the a ssu m p ­
tion  of "p e rfe c t com petition . " She, like K oopm ans, s e e s  the system  
of econom ic th e o ry  a s  being  e s se n tia l ly  sound. She in tro d u ces  
"m a rk e t im p e rfe c tio n s , " ju s t  a s  Koopmans would like to  see the 
fa c to r  of "u n ce rta in ty "  in tro d u ced . N e ith e r of the two see s  any 
w eakness in  the p o s tu la tio n a l n a tu re  of econom ic a n a ly s is .
To b o rro w  N o rth ro p 's  te rm ino logy , econom ic th e o ry  is  con­
ceived  of by  the above eco n o m ists  (and the m a jo rity  of the  m e m b e rs
24I b i d . , p. 2.
2=ibid.
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of the p ro fess io n ) to  have re a ch e d  i ts  second  stage  of sc ien tific  
evolution; nam ely , the s tage  of deductive th e o ry  fo rm atio n . T h is 
im p lie s  th a t e i th e r  the econom ic sc ien ce  h as  a lre a d y  p a sse d  through 
i ts  "n a tu ra l h is to ry  s tag e"  (as defined in  the p rev io u s  ch ap te r) o r 
e lse  th a t th e re  is  som eth ing  p e c u lia r  to  econom ics w hich h as  enabled  
the d isc ip lin e  to  s id e - s te p  th is  s tag e  and s ta r t  i t s  grow th a t a point 
w here  i t  took m any  sc ie n c es  c e n tu r ie s  to  re a ch . I t m ay  be sa id  th a t 
in v estig a tio n  of th is  question  c o n stitu te s  the  in n e rm o s t c o n c e rn -- th e  
v e ry  c o r e - - o f  th is  study . I t so  happens th a t the sub stan ce  of th is  
c o re  c o n s is ts  of the  in v estig a tio n  of the  p ro b lem s of c la s s if ic a tio n  
and ag g reg atio n . T h is  is  so  b ecau se  the  la t te r  c o n s titu te s  the b rid g e  
betw een  th e o ry  and fac t.
B efo re  tu rn in g  to  th e se  qu estio n s  sp ec if ic a lly , how ever, i t  is  
n e c e s s a ry  to  exam ine som e add itional m ethodo log ical fe a tu re s  of 
e co n o m ics--w h a t w ill be r e f e r r e d  to  a s  "the cu lt of id e a lity . "
3. On Id ea liza tio n  in  E conom ics
I t  i s  fash ionable  am ong m any  eco n o m ists  to  seek  p a ra l le l
fe a tu re s  betw een  the m ethod of econom ics and th o se  of o th e r  s c ie n c e s .
P h y s ic s , fo r  som e re a so n , unknown to  th is  w r i te r ,  h as  a ttra c te d
27m o re  a tten tio n  than  o th e r sc ie n c e s . T h is  show s i t s e l f  m o s t c le a r ly
27Some h is to r ia n s  of econom ic thought b e lieve  th a t Q uesnay, 
the  founder of p h y s io c racy  in  F ra n c e  w as h igh ly  in fluenced  by  the
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in  the term ino logy  of econom ics: eq u ilib riu m , s ta t ic s , dynam ics, 
s tab le  and unstab le  eq u ilib riu m , s teady  s ta te  solution, explosive and 
damping o sc illa tio n , e tc . T h e re  is  no p a r tic u la r  h a rm  in  the use of 
such physica l te rm s  in  econom ics provided th a t the te rm s  a re  em ­
bodied w ith  econom ic content such th a t a specific  econom ic m eaning
is  im p a rted  by them . The advantages and d isadvantages of the use
28of such te rm s  is  not a  m a tte r  of concern  h e re . The is su e  is  a 
much m o re  substan tive  one. I t h as  to  do w ith the w idely held  sup­
position  th a t econom ic id ea liza tio n s  a re  m ethodologically  id en tica l 
with p h y sica l id ea liza tio n s . F o r  exam ple, P ro fe s s o r  Sam uelson
Newtonian m echan ics and ac tu a lly  developed the ru d im en ts  of the 
th e o ry  of com petitive  eq u ilib rium  in  analogy w ith m echan ics. Adam 
Smith who is  sa id  to  have been  g re a tly  influenced by Q uesnay when 
he v is ited  F ra n c e , fu r th e r  developed and popu larized  the sy stem . 
L a te r  w ork  has been  e sse n tia lly  an e lab o ra tio n  of th is  o rig in a l 
fo rm ulation . T h is , how ever, i s  no m o re  than an in te re s tin g  and 
p lausib le  suggestion .
H icks w rite s  th a t "the  d istinc tion  betw een s ta tic s  and dynam ics 
is  (of co u rse ) not an econom ic d istinc tion . It is  an echo of a  fa r  o ld e r 
d istinc tion  in  m a th em atica l m echan ics; a re fe re n ce  to th a t o lder 
m eaning w ill alw ays be a t the  back  of o n e 's  m ind. " See John H icks, 
C ap ita l and G row th, New York: O xford U n iv e rs ity  P r e s s ,  1965, p. 5. 
F o r  som e v e ry  in te re s tin g  o b serv a tio n s  concern ing  econom ic dy­
n am ics see  F . S. C. N orth rop , The Logic of the Sciences and the 
H um an ities , New York: The M acm illan  Com pany, 1948, Chap. XII. 
H ere N orth rop  advances the p roposition  tha t since  th e re  i s  nothing 
s im ila r  to  the law of co n serv a tio n  of m om entum  in  econom ics a 
th e o re tic a l econom ic dynam ics is  im p o ssib le . Ib id . , pp. 244-245.
2 8F o r  a  de tailed  d iscu ss io n  see  F r i tz  M achlup, E s sa y s  on 
Econom ic S em an tics , Englewood C liffs, New Je rse y : P re n tic e -H a ll, 
In c . ,  1963, pp. 9-42.
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re m a rk s  th a t "the re q u ire m e n ts  fo r  abso lu te ly  p e rfe c t com petition  
a re  as h a rd  to  m ee t as the re q u ire m e n ts  fo r a p e rfe c tly  f r ic tio n le s s  
pendulum  in  p h y s ic s . We can approach  c lo se r  and c lo se r  to  p e rfe c ­
tion  but n e v e r quite re a ch  i t ,  a fac t w hich need not do se r io u s  dam age
29to  the u se fu ln ess  of our em ploying the id ea lized  concept. "
S im ila r re fe re n c e s  a re  often m ade to  the "p erfec t (or ideal)
g a s , " G a lile o 's  law understood  as fre e  fa ll in  vacuum  n e a r  the s u r -
30face  of the e a r th , N ew ton 's law of g rav ita tio n , e tc . H em pel, as  a
ph ilo so p h er of sc ie n c e , s e e s  such  re fe re n c e s  as un justifiab le  because
the  id ea liza tio n  in  n a tu ra l sc ien ces  r e s t s  on e n tire ly  d ifferen t p rin -
31c ip les  than those  in  econom ics (and o th e r so c ia l sc ien ces).
29See P a u l A. S am uelson , E conom ics: An In tro d u cto ry  
A nalysis , 5th ed. ; New York: M cG raw -H ill Book C o . , 1961, p. 73.
30Note the following re fe re n c e  to  p hysics: " . . . C o n sid er 
any e ffic ien t c ap ita l p ro g ram  and i t s  co rresp o n d in g  p ro file  of p r ic e s  
and own r a te s .  At e v e ry  point of tim e  the value of the cap ita l stock  
a t c u rre n t e ffic ien cy  p r ic e s , d iscounted  back  to  the in itia l tim e , i s  a 
co n stan t, equal to  the  in itia l value. T h is law of co nserva tion  of d is ­
counted value of c ap ita l (o r d iscounted  N et N ational P roduct) re f le c ts , 
as  do the  g ran d  law s of co n serv a tio n  of en erg y  of p h y sics , the m ax i­
m izing  n a tu re  of the pa th s. '' (E m p h asis  added, M .M . ] See R. D orf- 
m an , P .  A. Sam uelson, and R obert M. Solow, L in ea r P ro g ram m in g  
and E conom ic A n a ly sis , New Y ork: M cG raw -H ill Book C o ., I n c . , 
1958, p . 322. To speak  of the co n serv a tio n  of d iscounted value of 
cap ita l (or N et N ational P ro d u ct) p re su p p o se s  th a t th ese  c a te g o rie s  
a re  o p e ra tio n a lly  definable and th e re fo re  ex ac tly  m easu rab le . T his 
w r i te r  r e je c ts  th is  p resu p p o sitio n . The argum en t sh a ll not be p u r­
sued h e re .
^Igee  C a r l  G. H em pel, A spec ts  of Scientific  Explanation  and
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It i s  tru e  th a t th e re  a re  p h y sica l th e o rie s  such as  those of 
id ea l g a se s , of p e rfe c tly  e la s tic  im p a c t, and of the m a th em atica l 
pendulum , which a re  " id e a liz a tio n s"  in  the sen se  th a t the s itu a tio n s  
they  r e fe r  to  a re  not ac tu a lly  re a liz e d  and m ay indeed  be tech n ica lly  
incapable  of re a liz a tio n . But th is  should in  no way im p ly  th a t these  
id ea liza tio n s  a re  p u re ly  lo g ica l co n stru c tio n s  th a t can stand  by th em ­
se lv e s . It is  no t tru e  th a t th ese  " id ea liz a tio n s"  cannot be inva lida ted  
by  th e ir  v irtu e  of being  " id e a liz a tio n s . " E m p ir ic a l v e rif ic a tio n  of the 
th e o re tic a l " id ea liza tio n "  is  not done away w ith b ecau se  dev iation  
from  co n cre te  fa c t is  of the  v e ry  e sse n ce  of id ea liza tio n . On the 
co n tra ry , " id e a liz a tio n s"  in  p hysics  a re  deep ly  roo ted  in  e m p ir ic a l 
o b serv a tio n  of re a li ty . As H em pel pu ts  it:
The law s governing  the  b eh av io r of the  id e a l p h y sica l 
sy s te m s  a re  deducible fro m  m o re  com prehensive  th e o re t­
ic a l  p r in c ip le s , w hich a re  w e ll confirm ed  by e m p ir ic a l 
evidence; the deduction u su a lly  tak es  the fo rm  of assign ing  
c e r ta in  ex tre m e  v a lu es  to  som e of the p a ra m e te rs  of the 
com prehensive  th eo ry .
F o r  exam ple , the law s fo r  an id ea l (m athem atica l) pendulum  
a re  deduced fro m  m o re  g e n e ra l p r in c ip le s  of th e o re tic a l m ech an ics. 
The question  w hat would happen i ^  say , the th re a d  of a  pendulum  
w ere  in fin ite ly  rig id  and i f  the m a ss  of the pendulum  w ere  concen­
tra te d  in  the f re e  end poin t of the th re a t  is  not an sw ered  by "th inking
O th er E s sa y s  in  the Ph ilo sophy  of Science, New York: The F re e  
P r e s s ,  1965, pp. 164-169.
^^ Ib id . , p. 168.
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aw ay” those  a sp e c ts  of the  pendulum  th a t a re  not convenient to  the 
a n a ly s is . In stead , c e r ta in  p a ra m e te rs  of the sy stem  a re  assu m ed  to  
approach  th e ir  ex tre m e  v a lu es . F o r  in s tan ce  the p a ra m e te r  c o r r e ­
sponding to  the m a ss  of the th re a d  is  a ssu m ed  to  approach  z e ro . But 
th is  " id e a liz a tio n ” s t i l l  is  not tre a te d  as  a  se lf-su ffic ie n t th e o re tic a l 
sy s te m . It i s  r a th e r  tre a te d  as  a  sp ec ia l case  of m ore  in c lu siv e  
p rin c ip le s . I ts  ro le  is  not th a t of rev ea lin g  the e s s e n tia l  fe a tu re s  of 
re a l i ty - - s u c h  a s ,  fo r  exam ple , the th e o ry  of p u re ly  com petitive  
m a rk e ts  is  sa id  to  d o - - fo r  th a t re a l i ty  is  a lre a d y  explained  by  m eans 
of a  m o re  in c lu s iv e  th e o ry  te s te d  th rough  v e rif ic a tio n a l red u c tio n  (as 
d iscu ssed  in  the p rev io u s  ch ap te r) . H ence, id ea liza tio n  in  physics  
p re su p p o se s  the exp lanation  of e m p ir ic a l r e a l i ty  (to be id ea lized ) by 
m eans of a th e o ry  of w hich the id ea liza tio n  s e rv e s  a  sp ec ia l c a se . In 
eco n o m ics , how ever, id e a liz a tio n s  a re  of the  n a tu re  of ex p lan a to ry  
c o n s tru c tio n s .
The ex p lan a to ry  u s e s  of an id e a l p h y s ica l sy stem  such a s  the 
law s of id e a l g a se s , in  add ition  to  th e ir  d e e p -se a te d  foundation in  the 
k ine tic  th e o ry  of g a se s , a re  supported  by  d ire c t  e m p ir ic a l ap p ro x i­
m atio n s  to  the  id e a l sy s te m . T hus, B o y le -C h arle s  law fo r id ea l 
g a se s  i s  r a th e r  c lo se ly  sa tis f ie d  by a la rg e  v a r ie ty  of g a se s  w ithin 
w ide, sp ec ifiab le  ran g es  of p re s s u re  and te m p e ra tu re  (for a  given
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m a ss  of g as), and " it  is  fo r th is  re a so n  th a t the law can  be s ig n ifi-
33can tly  invoked fo r ex p lan a to ry  p u rp o se s . "
A nother im p o rtan t fe a tu re  of p h y sica l id e a liza tio n  is  th a t by 
v irtu e  of the ex is ten ce  of a m o re  g e n e ra l, in c lu siv e  th e o ry  w hich em ­
bodies the id e a l sy stem  as a sp ec ia l c a se , i t  is  p o ss ib le  to  judge the 
deg ree  of id e a liz a tio n  invo lved . F o r  exam ple, in  the case  of an id ea l 
pendulum  th is  i s  done by  giving an account of add itiona l fa c to rs  which 
a re  re le v an t fo r  the m otion of the  pendulum , but w hose in fluence  is  
fa ir ly  sm a ll in  the case  of th ose  p h y sica l sy s te m s  to  w hich the  fo r ­
m ula is  c u s to m a rily  app lied .
In sum , th e re  a re  at le a s t  th re e  e s s e n tia l  d iffe ren c es  betw een 
ph y sica l and econom ic id e a liz a tio n s : Id ea l sy s te m s  in  p h y sics  (1) 
have independent e m p ir ic a l co n firm atio n , (2) a re  but a sp e c ia l case  
of a  m o re  co m p reh en siv e  th e o ry , and (3) enable one to  judge the 
deg ree  of id e a liz a tio n  involved . None of th ese  th re e  fe a tu re s  a re  
p re se n t in  econom ic id e a liz a tio n s .
The above a rg u m en t shows th a t the sp u rio u s  p a ra l le ls  d raw n 
by som e eco n o m ists  betw een th e ir  id ea liza tio n s  and those  of p h y s ic is ts  
i s  u tte r ly  unfounded. T h e re  is  no fea tu re  of substance  w hich is  
sh a red  by the two. One is  a sc ien tif ic  c o n stru c t fo rm ed  by a  con­
tin u a l in te rp la y  of induction , deduction, and red u c tio n , w h e rea s  the
^^Ibid.
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o th e r (the econom ic id ea liza tion ) i s  p u re ly  a  log ical c o n s tru c t w hich, 
a s  Koopm ans pu ts it , can stand  by its e lf .
Since idea liza tio n  i s  such an o m n ip resen t m ethodological 
m ax im  in econom ics i t  is  convenient to  give a nam e to th is  tendency 
fo r  re fe re n c e s  in  the ensuing d isc u ss io n s . The te rm  "cu lt of 
id ea lity "  is  in troduced  h e re  fo r  th is  p u rp o se . T his te rm  w ill be 
u sed  to  r e f e r  not only to econom ic " id ea liza tio n s"  as d iscu ssed  in  
th is  sec tio n  bu t a lso  to  the m ethod of " in te lle c tu a l-ex p e rim en ta tio n "  
r e f e r r e d  to  in  the  p reced ing  sec tio n . In a d ifferen t context in  th is  
c h a p te r , on a  m o re  a b s tra c t  ph ilosoph ical p lane, th is  sam e c h a ra c ­
te r i s t ic  of the econom ic m ethod is  r e fe r re d  to  as "m ethodological 
id e a lism . "
A sy stem a tic  approach  to  the study of technology a s  one of 
the p o ssib le  channels through w hich the  fac tu al base  of econom ics 
m ay  be expanded is  co n sid ered  in  the next sec tion .
4. Significance of T echnolog ical M orphology
F o r  a  long tim e  an th ro p o lo g is ts  have been  aw are of the  d ire c t 
ro le  of technology in  the d e te rm in a tio n  of the s ta te  of ex is ten ce  of a 
g iven  people. F ro m  the study of to o ls  and a r tifa c ts  co llec ted  in  
a rch eo lo g ica l excavations (and o th e r types of field  w ork), they  m ake
^^Koopmans, p. 150.
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deductions w ith re s p e c t to  the s ta te  of technology and d iv ision  of 
la b o r, food-producing  capac ity , m odes of ex is ten ce  (such as  hunting, 
he rd in g , and food -gathering ), in te rre la tio n sh ip  w ith people of o ther 
lo c a litie s , and m any o th er a sp ec ts  of so c ia l life . Often m any asp ec ts  
of the given c iv iliza tio n  do not need s e p a ra te  c la ss if ic a tio n  because  
they  would follow fro m  the m o re  "b as ic "  data a lre ad y  c lass ified .
Thus the app earan ce  of w ritten  language is  not v e ry  probab le  u n le ss  
the given c iv iliza tio n  h as  reach ed  a c e r ta in  lev e l of tech n ica l ad­
vance, say , beyond stone age, o r iro n  age. T h is  is  not to  suggest 
th a t th e re  e x is t c e r ta in  "key  data" the av a ilab ility  of w hich would en ­
able the in v e s tig a to r  to  deduce an exhaustive se t of fundam ental in -
35fo rm atio n  about the  g iven c u ltu re . S pec ifically , i t  i s  not proposed  
th a t, fo r  exam ple, the study  of too ls  and o th e r a r t ifa c ts  re v e a l the 
e s s e n tia l fe a tu re s  of the technology  of the given people, and th a t th is  
knowledge i s  a  su ffic ien t b a s is  fo r knowing about a ll the  im p o rtan t 
questions of in te re s t ;  the type of m a rr ia g e  (if any), re lig io n , 
p o litic a l s tru c tu re , b a s ic  so c ia l un it (fam ily, e tc . ), and k insh ip  
re la tio n s . It is  r a th e r  suggested  th a t th is  knowledge i s  of p r im a ry  
im p o rtan ce  b ecause  m uch can  be deduced fro m  i t .
35See M elv ille  J . H e rsk o v its , Econom ic A nthropology: The 
Econom ic L ife of P r im itiv e  P eo p le , New Y ork: W. W. N orton and 
Com pany, 1952, pp. 42-66 and 88-107; a lso  see  P au l Bohannan, 
Social A nthropology, New Y ork: H olt, R in eh ard  and W inston, 1963, 
pp. 207-265.
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A nother im p o rtan t fe a tu re  of technology as  a u sefu l fie ld  of 
observ a tio n  is  i t s  ob jective n a tu re . A rtifac ts  a re  physica l e n titie s  
tha t can  be ob jectively  d e sc rib e d  and c la ss if ie d  on m orpholog ica l 
grounds. If o ther fe a tu re s  of the cu ltu re  which a re  le s s  capable of 
being ob jectively  o b served  exhib it a su b stan tia l c o rre la tio n  w ith the 
techno log ica l data, then  th ese  o th er fe a tu re s  need not be observed  
and c la ss if ie d  independently , because  th ey  can be deduced fro m  the 
m o re  o b jec tive ly  observab le  data.
In econom ics, the im p o rtan ce  of technology has a ttra c te d  
a tten tion  fa r  below a d eg ree  co m m en su ra te  with i ts  im p o rtan ce . The 
c la s s ic a l  e r a  w as m uch m o re  consc ious of the re lev an ce  and im p o r­
tance  of technology than the  m o re  re c e n t g en era tio n s  of eco n o m ists . 
The p a ssa g es  in  the w orks of Q uesnay, T o rgo t, Adam Sm ith, and 
M arx  on d iv ision  of la b o r, the n a tu re  of peasan t h an d ic ra ft, m ed ieval 
c ity  a r t is a n s ,  tra n s fo rm a tio n  fro m  r u r a l  household  in d u s try  to  the 
fa c to ry  sy stem , and the in tro d u c tio n  of pow er m ach in ery  a re  too w ell 
known to  be re p e a te d  h e re .
As the " in d u s tr ia l revo lu tion" becaue a fa m ilia r  p ro c e ss  
(and no m ore  a revolu tion! ) i t  c eased  to  im p re s s  i ts e lf  upon p eo p le 's  
m inds. The fa c to ry  s ite , m ining w ith m a sse s  of la b o re rs ,  the s team  
engine and cotton gin opened th e ir  p lace  in  the ro u tin e , every d ay  life  
of socie ty ; they  w ere  no lo n g er ob jects  of p a r tic u la r  a tten tion  any 
m ore  than  t r e e s ,  h o u ses , and o th e r fa m ilia r  th ings and even ts .
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E co n o m ists  w e re  no d iffe ren t in  th is  re g a rd  than  the r e s t  of the
people. T hey c ea sed  to  be cu rio u s  and fa sc in a ted  by  the in d u s tr ia l
p ro c e s s e s . T hey  lo s t in te r e s t  not only in  the s ta te  of technology as
i t  ex is ted  but a lso  in  changes in  th a t s ta te ; fo r , by  p assage  of tim e ,
change i ts e lf  becam e a  fa m ilia r  even t. T hus, eco n o m ists  becam e
gu ilty  of the e m p ir ic a l fa lla cy  of not no tic ing  the fa m ilia r; and to
th is  day they  re m a in  thus guilty . T h is  w r i te r  knows of no w ork  on,
fo r exam ple, d iv ision  of la b o r by any econom ist of any p erio d  tha t
h a s  added anything new to  w hat Sm ith and M arx  had a lre ad y  sa id
36e a r ly  in  the developm ent of econom ic sc ie n c e . Indeed, w hat d is ­
cu ssio n  i s  given to  the  s tu d en ts  of econom ics in  textbooks i s  a  
w a tered -dow n  v e rs io n  of the w orks of the above au th o rs  in  an "ou t- 
o f-p lace , " l ip - s e rv ic e -E k e , and ca su a l m a n n e r - - in  the fo rm  of a 
b ew ild ered  footnote in  the sty le  of in fo rm atio n  cataloging .
C o n sid e rin g  the v a s t q ua lita tive  and quan tita tive  changes 
th a t have so  su b s ta n tia lly  tra n s fo rm e d  the technology of advanced 
so c ie tie s  re la tiv e  to  th e ir  s ta te  during  the c la s s ic a l  p e r io d , i t  is  
e a sy  to see  how in su ffic ien t and even in  p a r ts  i r r e le v a n t  a re  the 
d iscu ss io n s  on d iv is io n  of la b o r and the s ta te  of technology prov ided
3 6R eferen ce  should  be m ade to  the  w orks of C henery  and 
M arkow itz  in  th is  connection . T hese  w ill be ev a lua ted  in  a d ifferen t 
sec tio n  w ith sp ec ific  re fe re n c e s  p rov ided  th e re .
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by  Sm ith and M arx . T h e re  i s  no doubt th a t eco n o m ists  fee l th a t the 
only re le v an c e  of technology to  the sc ien ce  of econom ies is  tha t 
w hich is  in c o rp o ra te d  in to  the  hypo the tica l p roduction  function. T his 
point i s  of b a s ic  im p o rtan ce  to  th is  study  and i t  i s  n e c e s sa ry  to  re tu rn  
to  i t  on s e v e ra l  o cca s io n s . T h is  sh a ll be done. In the m ean tim e  i t  i s  
convenient to  continue the d iscu ss io n  fu r th e r  along h is to r ic a l  lin e s .
R icard o  cham pioned the  cause  of "su p p o sitio n a l e co n o m ics ."  
He e lev a ted  the m y s te r io u s  ca te g o ry  of " la b o r"  (in a b s tra c to ) to  the 
position  of the sing le  g ran d  ca te g o ry  th a t d e te rm in e s  a ll o th e r s ig n i­
f ic an t econom ic q u a n titie s . The pow erfu l R ica rd ian  deductive re a s o n ­
ing  and the  " su c c e s s "  of h is  s h o r t-c u ts  to  the  u n d erstand ing  of eco ­
nom ic phenom ena le ad  to  the  p o p u la riza tio n  of deductive in fe ren ce  to  
the  d e tr im e n t of induction . The e m p ir ic a l b ase  of the econom ic 
sc ien ce  w as su p p re sse d  out of s igh t of the eco n o m ist so  th a t he can 
co n cen tra te  on a g g re g a te s  in  the g ran d  s ty le , lab o r, land , cap ita l, 
w ages fund, re n t ,  p ro f it , and o th e rs . T h e re  developed th e o r ie s  w ith 
such  c e n tra l concep ts a s  " liv in g  la b o r , " "congealed  la b o r, " "n o rm a l 
p ro f it, " "e x c e ss  p ro f it , " and m any o th e rs . E conom ics lo s t touch w ith 
r e a l i ty  a s  a d iffe ren tia ted  whole and p reo ccu p ied  i t s e l f  w ith few 
m ag n ific ien t th e o re tic a l  a g g re g a te s . To e s ta b lish  n e c e s s a ry  re la tio n s  
betw een th e se  m agn ificen t ag g reg a te s  becam e the  c e n tra l am bition  of 
eco n o m is ts . In the background  the o v e rtu re  of J e re m y  B entham  w ith 
h is  u t i l i ta r ia n  u n iv e rse  and n le a s u re -p a in  ca lcu lu s  could  be h ea rd
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w hich would be followed by a cen tu ry  of m a rg in a l u tility  theo riz ing : 
Jev o n s , W a lra s , Thunen, M enger, B ohm -B aw erk , and o th e rs . 
S ub jec tiv ism  and psycholog ism  of the A u strian  school pushed eco­
nom ics even fa r th e r  away from  the path of e m p iric a l sc ien ces , 
lead ing  m o re  and m o re  in  the d irec tio n  of an ax iom atic , deductively  
fo rm u la ted  sy s te m  of thought, su ffic ien t in  i ts e lf  and capable of 
s tand ing  by  i t s e l f  as  a lo g ica lly  co n sis ten t whole. T h is w as the
h is to r ic a l  background  of w hat is  ca lled  "the cu lt of id ea lity "  in  a
37d iffe ren t sec tio n  in  th is  ch ap te r.
The above d iscu ss io n  should not be in te rp re te d  to  m ean that 
th e  c a te g o r ie s  of la b o r, cap ita l, land , m a rg in a l u tility , n o rm a l 
p ro f it , and o th e r concep ts have been  of no use  in  fu r th e r  u n d e rs tan d ­
ing  of econom ic phenom ena. R a th e r i t  i s  the opera tional sign ificance 
(and th e re fo re  e m p ir ic a l m eaningfu lness) of th ese  concepts th a t is  of 
co n ce rn . W ere  th e se  ca te g o rie s  de riv ed  from  a se t of m o re  funda- 
m e n ta l da ta  such as technology on the p ro d u c e rs ' s id e , cu sto m s, 
h a b its , and tra d itio n  on the s e l le r  s id e , in  a m anner in  which fu ll 
account i s  given of the e m p ir ic a l d iffe ren tia tio n  (or v a ria tio n ) w hich
37E p isto m o lo g ica lly , th is  m ean t th a t econom ics subm itted  
i t s e l f  to  the w o rld  of "Ideas, " "R easo n s, " " F o rm s , " e t c . , the c a te ­
g o r ie s  of ph ilo soph ical id e a lism . The ro le  of ph ilosophical id e a lism  
in  the developm ent of su b jec tiv ism  in  econom ics is  a topic of im ­
m en se  im p o rtan ce  in  the study of econom ic m ethodology. The point 
sh a ll not be followed h e re .
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lie s  behind the m ag n ific ien t ag g reg a tes  and a v e rag e s , then th e re  
would be nothing w rong, fo r  th a t would am ount to  having an e m p ir ic a l 
sc ience  not a s e t  of lo g ica l co n s tru c ts  which appeal m ore  to o n e 's  
sense  of e s th e tic s  than  o n e 's  sen se  of re a lity . T h is  would be tru e  fo r  
two rea so n s : (1) o b jec tiv ity , and (2) re la tiv e  in v arian ce  of the m o re  
fundam ental da ta .
B efore co n sid e rin g  th ese  two poin ts the following re m a rk s  
should be m ade. I t i s  d ifficu lt to  a rgue  th a t m ic ro -eco n o m ics  a im s 
at prov id ing  an u n d ers tan d in g  of w hat lie s  behind the m a c ro ­
a g g reg a te s . In  fac t the  s ign ificance  of the m ethodological d istinc tion  
betw een m a c ro  and m ic ro  econom ics is  i ts e lf  questionab le . Some 
a sp ec ts  of th is  m ethodo log ical approach  is  in v estig a ted  in  sec tio n  9 of 
th is  ch ap te r. T h e re , i t  i s  shown th a t the  an a ly tica l m ethod of p a r tia l  
equ ilib riu m  an a ly s is  w hich c h a ra c te r iz e s  m ic ro eco n o m ics  lead s  to  
quan tita tive  in d e te rm in acy . As fo r  the argum ent th a t the va lid ity  of 
m acro eco n o m ics  does not have to  be reduc ib le  to  the opera tion  of the 
m ore  d e ta iled  a sp e c ts  of th is  i s  no m ore  than  a negative p roposition .
It i s  only th rough  e m p ir ic a l  v e rif ic a tio n  th a t the ex isten ce  of such 
o v e ra ll ten d en c ie s, m o re  o r  le s s  stab le  and not in  need of fu r th e r  
explanation , can  be d em o n stra ted .
The question  of o b jec tiv ity  and in v arian ce  of custom , trad itio n , 
h ab its , e t c . , re la te d  to  the  c o n su m e rs ' side w ill be studied  in  a 
sec tion  on econom ic in v a r ia n c e s . H e re , the technolog ica l side  w ill be
144
d iscu ssed  sch e m a tic a lly  to  be fu r th e r  developed in  a la te r  sec tion .
By the ob jectiv ity  of techno log ica l data  is  m ean t th a t th ey  a re  
o b serv ab le . F u r th e r , they  a re  m e asu ra b le ; and m uch of the in fo rm ­
ation  is  a lre ad y  availab le  o r  can be obtained re a d ily  a t the ac tua l 
p ro d u c tio n -p ro ce ss  lev e l. In fac t, the  e n g in ee rs , tech n ic ian s , and 
p lan t m an ag e rs  cannot even o pera te  w ithout a c c e ss  to  such in fo rm ­
ation.
B y re la tiv e  in v a rian ce  of techno log ica l da ta  is  m ean t th a t the  
data  has an in te rn a l s tru c tu re -  - a netw ork  of in te r re la tio n s h ip s - - th a t  
re f le c ts  the e m p ir ic a l in te rre la tio n sh ip s  ac tu a lly  e x is ten t in  the 
econom y. Thus the in e r t ia  of the  techno log ica l p ro c e ss , which, in  
sp ite  of the dynam ic n a tu re  of the  p ro c e s s , is  co n sid e rab le , w ill be 
re fle c te d  in  the  d a ta . T hat i s ,  once the e m p ir ic a l p ro c e ss  is  ex h au s­
tiv e ly  d e sc rib e d  by the data  co llec ted  and c la s s if ie d , th en  i t  can  be 
con tinually  rev iew ed  and updated fo r  techno log ica l changes as they  
a re  in tro d u ced . The in fo rm atio n  needed fo r such continual (or 
p e rio d ica l) re v is io n s  i s  a lso  availab le  b ecause  m any inn ivations w ait 
fo r som e tim e  b e fo re  they  a re  in tro d u ced  on la rg e  sc a le . F u r th e r , 
thorough fa m ilia r ity  w ith the developm ents a t the p ro c e ss  lev e l 
fa c ilita te s  the  ta sk  of techno log ica l fo recas tin g .
H aving sch em a tica lly  in tro d u ced  the notions of ob jectiv ity  and 
re la tiv e  in v a rian ce  of techno log ica l d a ta , i t  re m a in s  to  evaluate  the 
re lev an ce  of such data  to  the econom ic sc ien ce . Such re lev an ce  h as
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been  im p lic itly  a ssu m ed  so  fa r .  H ow ever, i t  d e se rv e s  a  de ta iled  
exp lic it exam ination  in  a s e p a ra te  sec tion . F o r  the rem ain in g  p a r t 
of th is  sec tio n  i t  w ill be assu m ed  th a t such re lev an ce  indeed  does ex is t 
in  a  s ig n ifican t w ay.
If i t  is  tru e  th a t techno log ica l data  a re  s ign ifican t in  the d e te r ­
m ination  of econom ic q u an titie s  and i f  i t  i s  t ru e  tha t such data  a re
38objective and exh ib it re la tiv e  sp a tio - te m p o ra l in v a rian ce , then 
som e sig n ifican t a sp e c ts  of the econom ic sy s tem  m ay be c h a ra c te r iz e d  
q u an tita tive ly , and th is  q u an tita tive  c h a ra c te r iz a tio n  m ay  be kept t r a c k  
of sy s te m a tic a lly .
Thus eco n o m ics  can  be endowed w ith a  b a s is  w hich can be 
studied  m o rp h o lo g ica lly . A m orpho log ica l approach  to  the  study  of 
technology m ay  su g g est a  p ro v is io n a l grouping of p ro c e s s e s  (or even 
e s tab lish m en ts) in  o rd e r  to  m ake the v a s t am ount of da ta  in te llig ib le  
as " c la s s e s "  of d a ta . Such p ra c tic e  would be u sefu l in  i t s e l f  b ecau se  
techno log ica l taxonom y is  a  f i r s t  s te p  tow ards the c re a tio n  of a  te ch ­
no log ical m ap of the  econom y, one which would cap tu re  the in h e ren t 
re la tiv e  in v a rian ce  of the e m p ir ic a l p ro c e ss , and which would re f le c t  
in  d e ta il the netw ork  of techno log ica l in te rd ep en d en c ies  am ong the 
v a rio u s  p roductive  p ro c e s s e s  in  the econom y.
38See sec tio n  6 below fo r  e lab o ra tio n s  on th is  re m a rk .
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It is  doubtful w h e th er such a techno log ica l m ap and i t s  con­
tin u a l re v is io n  and fo re c a s ts  can  re v e a l as  m uch to  so c ia l s c ie n tis ts  
a s  a  s ing le  a r t i f a c t— say , an a rro w h ead  of som e so rt--b e lo n g in g  to  
som e a rc h a ic  tr ib e  would te l l  an an th ro p o lo g is t. But even  a  m o s t 
c a su a l re fe re n c e  to  the ro le  of au tom obiles in  tra n s fo rm a tio n  of 
p e o p le 's  l iv e s - -w o rk  h ab it, g eo g rap h ica l m ob ility , s o c io -c u ltu ra l 
env iro n m en t, eco lo g ica l b a lan c e s , and a t t i tu d e s - - is  su ffic ien t to 
rem in d  one of the value of m eaningfu l and co m p rehensive  techno­
lo g ica l fo re c a s t . W hat an in d isp en sib le  p re re q u is ite  fo r  fo re s ig h t and 
hum an ra tio n a lity ! The question  i s  why h as  i t  been  ig n o red  fo r so 
long? T h is  can  p rov ide  a topic fo r  an  e n tire  d is se r ta tio n . Any "quick" 
exp lana tion  w ill p robab ly  be too  sp ecu la tiv e  to  be u sefu l.
B ut, of c o u rse , p u re ly  m o rpho log ica l g rounds so o n e r o r  la te r  
w ould have to  y ie ld  to  a  m o re  th e o re tic a lly  founded s e t of c a te g o rie s  
and concep ts  fo r  m apping the technology. J u s t  a s  the  geo log ical m ap­
ping of an  a re a  m ay  begin w ith th em o st re a d ily  ob serv ab le  fe a tu re s  
and be follow ed by  d e ta iled  o b serv a tio n s  of the m o re  in tr ic a te  fe a tu re s  
th a t m o s t p robab ly  would e scap e  the a tten tion  of the th e o re tic a lly  un­
tra in e d  o b s e rv e r , the p ro v is io n a l, m o rp h o lo g ica lly -b ased  ap p ro ach es  
to  the  m apping of a  so c ie ty 's  technology m u st be follow ed by a  th eo ­
re t ic a l ly  sh arp en ed  sen se  of o b serv a tio n . I t  w as seen  in  the p rev io u s  
c h a p te r  th a t th is  p a tte rn  of developm ent ac tu a lly  o c cu rred  in  b iology 
and c h e m is try  (M endeleev 's  tab le  of e lem en ts). O th er ex am ples can
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be d raw n  fro m  paleanto logy , geology, n a tu ra l h is to ry , and astro n o m y .
A lread y  th e re  ex is t econom ic m odels th a t provide ex p lic it th eo ­
re t ic a l  c r i t e r ia  fo r  techno log ica l taxonom y. M ost w ell known am ong 
th ese  a re  the l in e a r  p rog ram m in g  m odels, von Neum ann, and L eon tief 
m odel. The la t te r  h as  been  sub jec ted  to  ex tensive  e m p iric a l im p le ­
m en ta tion . I t w ill be s tud ied  in  d e ta il in  th is  study  fro m  se v e ra l 
an g les . The von N eum ann m odel has not been e m p ir ic a lly  im plem en ted  
so f a r  b ecau se  of i t s  dem and on m a sse s  of data tha t a re  not ye t a v a il­
ab le  o r  a re  expensive  to  com pile . L in ea r p rog ram m ing  m odels  have 
been  ex ten s iv e ly  u tiliz ed  by  the in d u s tr ia l and m ilita ry  o rg an iza tio n s. 
T hese  m odels  w ill be sketched  in  th is  ch ap te r.
The concept of p ro g re s s  r e fe r re d  to  in  th is  sec tio n  and u sed  
in  a  lo ose  sen se  w ill find a  rig o ro u s  defin ition  in  the context of th ese  
m o d e ls .
T h is  sec tio n  m ay be su m m arized  by saying tha t d ire c t  o b se r­
va tion  of the techno log ica l p ro c e ss , co llection  and c la ss if ic a tio n  of 
da ta  on the  b a s is  of such d ire c t observation—p erh ap s using  a 
m o rp h o lo g ica l b a s is  fo r  da ta  c la ss ific a tio n  as  a  p re lim in a ry  s tep  to 
be fu r th e r  m odified  and su b stan tia ted  by subsequent th e o re tic a l 
re f in e m e n t— can g ive an e m p ir ic a l b a se , a  window of o b serv atio n , and 
an ob jective sp h ere  of in q u iry  in to  m any econom ic p ro b lem s. I t w ill 
co n stitu te  a  m a jo r  s tep  to w ard s  the re scu e  of econom ics fro m  the 
p re v a ilin g  m agn ificen t th e o re tic a l ag g regates  and w ill he lp  the  sc ience
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to  advance in  the d irec tio n  of an e m p ir ic a l sc ience  as  opposed to  a 
deductively  fo rm u la ted  body of thought. It is  the g re a t m e r it  of 
g e n e ra l eq u ilib rium  th e o r ie s  in  econom ics to  have shown the p re c ise  
m an n er in  which techno log ica l p ro c e s s e s  e n te r  econom ics. T his 
point w ill be e lab o ra ted  upon in  s e v e ra l  d ifferen t con tex ts in  th is -s tu d y . 
One v e rs io n  of g e n e ra l equ ilib riu m  m odels  fo rm u la ted  by L eon tief h as  
p rov ided  a v e ry  u sefu l fram ew o rk  fo r d isp lay ing  s e c to ra l  in te r re la t io n ­
sh ips in  the econom y. T echno log ical m orphology p lays a m a jo r ro le  
in  the id e a l com pila tion  of data  fo r  inpu t-ou tpu t ta b le s  which constitu te  
the fac tual b a s is  of L e o n tie f  s a n a ly tica l schem e.
5. E conom ic Significance of T echnolog ical D ata 
E v e r  since the fo rm u la tio n  of the  c la s s ic a l  th e o ry  of p roduc- 
production—the law  of v a ria b le  p ro p o rtio n s  (o r d im in ish ing  r e tu r n ) - - 
by  R icard o , M ulthus, T o r re n s , and W est, the econom ic sc ien ce  has 
fa iled  to  advance any new p ro p o sitio n s  in  th is  a re a . The L ausanne 
School w ith i ts  cu lm ination  in  the  w o rk s  of L eon tief is  an exception  to  
th is  g e n e ra l s ta tem en t. B ut, a t  le a s t  u n til re c en tly , the  Lausanne 
School did not en joy  the reco g n itio n  th a t would lead  to  the p o p u la ri­
zation  of i ts  v iew s. R a th e r, i t  w as tre a te d  as  a  cu rio s ity ; in te re s t in g  
but p ra c tic a lly  ir r e le v a n t .  In fa c t, W alras  and P a re to  w ere  the  f i r s t  
to  adm it th a t th e ir  g e n e ra l eq u ilib riu m  schem e w as only of p u re ly  
th e o re tic a l in te r e s t  and lacked  any p ra c tic a l  value b ecau se  i t  could
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not be im plem en ted : the p a ra m e te rs  could not be e s tim a te d  because  
of com putational d ifficu lties .
As fa r  as  the w idely  accep ted  th e o r ie s  of p roduction  a re  con­
c e rn ed , the long shadow of R icardo  h a s  kep t eco n o m ists  in  i t s  o v e r­
pow ering confinem ent: the e co n o m is t's  w o rld  is  the w orld  of d im in ish ­
ing re tu rn s . E very th ing  e lse  i s  sim p ly  re fin em en t, e lab o ra tio n , and 
g en e ra liz a tio n  of th is  p rin c ip le ;
The n e o c la s s ic a l p roduction  functions a re  nothing but m athe­
m a tic a l re fin em en ts  and so p h is tica tio n s  of the law of d im in ish ing  r e ­
tu rn s . The C obb-D ouglas, CES, and the  r e s t  a re  a ll  v a ria tio n s  on the 
sam e them e. M any of the concepts evolved around th e se  functions such
as  M rs . R ob inson 's  "e ffic ien cy  u n its , K ahn 's  " id e a l  output,
41H ic k s 's  " e la s tic i ty  of su b stitu tio n , " e t c . , have been  shown by 
L eon tie f to  be m ethodo log ically  in e ffic ien t and a t le a s t  in  one c a s e - -
39On "effic ien cy  u n its "  see R obinson, p. 332; h e re  she u ses  
the te rm  " c o r re c te d  n a tu ra l u n its"  to  r e f e r  to  w hat A llen  h a s  pop u la r­
iz ed  as  effic iency  u n its . See A llen, M acroeconom ic T heory: A M athe- 
m a tic a l T re a tm e n t, New York: St. M a r tin 's  P r e s s ,  1968, pp. 238 and 
246.
^^See R. F . Kahn, "Some N otes on Idea l Output, " Econom ic 
Jo u rn a l, M arch , 1935.
41On e la s tic ity  of su b stitu tio n  see  R. G. D. A llen, M athe­
m a tic a l A nalysis  fo r  E co n o m is t, London: The M acm illan  C o . , L td . , 
1964, pp. 341-343, 344-345. The concept w as f i r s t  in tro d u ced  in  J .
R. H icks, T h eo ry  of W ages, London; The M acm illan  C o ., L td . ,
1932, pp. 117 and 245.
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42th a t of "effic iency  u n its " - - in v a lid  c o n s tru c ts . He c la s s if ie s  th ese
concep ts as c a se s  of " im p lic it th eo riz in g . " U nfortunate ly , a v e ry
leng thy  and a b s tra c t  m ethodolog ical d ig re ss io n  is  re q u ire d  fo r  any
sp ec ific  d iscu ss io n  of th e se  co n cep ts . It is  m o re  a p p ro p ria te  to  r e fe r
the re a d e r  to  the e x tre m e ly  s ig n ifican t a r t ic le  by  P ro fe s s o r  Leontief:
" im p lic it th eo riz in g : a m ethodo log ical c r i t ic is m  of the neo -C am bridge  
43school. " By w ay of im p a rtin g  an im p re s s io n  as  to  the n a tu re  of the
is s u e  involved the following p assag e  fro m  P ro fe s s o r  L eo n tie f 's  e s s a y
is  given: A fte r a c r i t ic a l  exam in atio n  of the concept of e la s tic ity  of
su b stitu tio n . P r o fe s s o r  L eo n tie f w r ite s :
1 do not doubt th a t i t  i s  lo g ica lly  p o ssib le  to  find a 
defin ition  of e la s t ic i ty  of su b stitu tio n  which (unlike the 
na rro w  tech n ica l in te rp re ta tio n )  would m ake M r. H ic k s 's  
s tan d a rd  p ro p o sitio n  ex p lic it, and u n iv e rsa lly  tru e  a t the 
sam e tim e . 1 doubt, ho w ev er, w h e th er an in te lle c tu a l 
to u r  de fo rce  of th a t kind would yield  r e s u lts  of g re a te r  
th e o re tic a l s ign ificance  than  th o se  which could be and have 
been  a lre a d y  obtained , w ith m uch s m a lle r  lo ss  of m en ta l 
en erg y  on the  b a s is  of orthodox m ethodolog ical p a tte rn .
42W. L eon tief, " Im p lic it T heo riz ing : A M ethodological 
C r it ic is m  of the  N eo-C am bridge  S ch o o l,"  Q u a rte r ly  Jo u rn a l of 
E con o m ics , L I, F e b ru a ry , 1938; re p r in te d  in  W assily  L eontief, 
E s s a y s  in  E conom ics: T h e o rie s  and T h eo riz in g , New York: O xford 
U n iv e rs ity  P r e s s ,  1966, pp. 58-71.
^ ^Ibid.
44I b id . , p. 69
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The su c c e ss  of the  law of d im in ish ing  re tu rn s  and the th e o ry  
of d iffe ren tia l re n t a s  ex p lan a to ry  dev ices  lead  to  over a c en tu ry  of 
confinem ent of econom ics to  "d im in ish ing  re tu rn s "  and " m a rg in a lism . " 
T h is w as by no m eans lim ited  to  the th e o ry  of production . The 
A u stra lian  School lo s t  no tim e in  tra n s la t in g  the law of d im in ish ing  
re tu rn s  in  su b jec tiv e  te rm s , offering  a  fo rm a lly  id e n tic a l th e o re tic a l 
s tru c tu re  fo r consum ption  b eh av io r, w ith m a rg in a l and to ta l u tility  
tak ing  the p la ce s  of m a rg in a l and to ta l p h y sica l output in  the th e o ry  of 
p roduction . W hether th is  w as a  pedan tic  e x e rc is e  in  "m arg in a liz in g "  
J e re m y  B entham  o r a keen  sen se  of see ing  the e s s e n tia l  "o n en ess"  in  
the m u ltip lic ity  a t su rfa c e  of econom ic phenom ena re m a in s  to  be seen . 
T hat i s ,  as  f a r  a s  th is  w r i te r  is  co n cern ed , the question  of w h e th er the 
A u s tra lian  School did a s e rv ic e  o r  d is s e rv ic e  to  econom ics i s  f a r  fro m  
being se ttled . F u r th e r ,  the fin a l se ttlem e n t of the is su e  pends the 
developm ent of an e m p ir ic a lly  im p lem en tab le  th e o ry  of c o n su m e r 's  b e ­
h a v io r. U ntil such  tim e , the evaluation  of the th e o ry  of consum ption  as  
i t  s tands i s  im p o ss ib le  u n le ss  one i s  w illing  to  accep t lo g ica l g ra c e , 
s t ru c tu ra l  e s th e t ic s ,  o r  r ig o r  in  deductive in fe re n c e - - a l l  being 
c h a ra c te r is t ic  fe a tu re s  of the p re se n t th e o ry - - a s  a b a s is  fo r  evaluation . 
B ut, in  th a t c a se  econom ics c e a se s  to  be an e m p ir ic a l sc ien ce  and b e ­
com es iden tifiab le  w ith p rax io logy , th a t i s ,  the study  of ra tio n a l
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45b eh av io r. It i s  n e c e s s a ry  to  r e tu rn  to  th is  point in  a  d ifferen t con­
tex t. H ere  the a rg u m en t sh a ll be r e s t r ic te d  technolog ica l co n sid e r­
a tio n s .
The casu a l r e m a rk  by T orgo t on dim inish ing  re tu rn s  in  a g r i­
cu ltu re  i s  g e n e ra liz e d  and m o re  ex ac tly  fo rm u la ted  by W est, T o rre n s , 
M ulthus, and R icard o  and c ap tu re s  the  im agination  of som e half dozen 
g en era tio n s  of e co n o m ists . T h is in  i t s e l f  is  a p rob lem  of ex trem e  in ­
te r e s t  in  the  h is to ry  of developm ent of the econom ic sc ien ce . If such 
a p rim itiv e  o b serv a tio n  w ith re g a rd  to  the n a tu ra l and technological 
b a s is  of p roduction  w as so he lp fu l to  M ulthus and R icardo  in  th e ir  
in v estig a tio n  of a g r ic u ltu ra l  and n o n -a g ric u ltu ra l p r ic e s , p a tte rn s  of 
tra d e , e t c . , could i t  not be the case  th a t even a m o re  de ta iled  exam ­
ination  of such n a tu ra l and techno log ica l conditions would lead  to  even 
fu r th e r  r e s u l ts ?  W hy did the econom ic sc ience  stop  a t a point which 
w as only a  beginning? The an sw er i s  p robably  a  v e ry  com plex one. 
T h is  w r i te r  does not have i t .  Few p re lim in a ry  hypo theses can be 
fo rm u la ted  in  th is  re g a rd . T h is would, how ever, n e c e ss ita te  an un­
ju stifiab le  d ig re s s io n  in  th is  study. The p rob lem  can, n e v e rth e le ss , 
be s ta ted  concise ly : E co n o m ists  a f te r  R icard o  p roceeded  a s  if  a ll the 
knowledge needed w ith  re s p e c t  to  p roduction  w as a lre ad y  condensed 
in  the law of d im in ish ing  re tu rn s  and a ll th e re  w as le ft to  do w as the
45L ange, pp. 188-207.
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d isco v e ry  of m o re  and m o re  a re a s  of econom ics th a t could be sub­
jec ted  to  the logic of d im in ish ing  re tu rn s . T h is m eant f a r  m o re  than 
in te lle c tu a l se rv itu d e  to  R ica rd ian  a r t  of ' ' su p p o sitio n a l!sm . " I t m eant 
no le s s  than  depriv ing  econom ics of one of i t s  m o st fundam ental em ­
p ir ic a l  b a s e s - - th e  a re a  of technology. J u s t  a s  the M oham m edans 
(M oslem s) see  every th ing  in  the u n iv e rse  a s  the m an ife sta tio n  of the 
w ill and heaven ly  g ra c e  of A llah, the p o s t-R ic a rd ia n  eco n o m ists  saw 
every th ing  in  the econom ic u n iv e rse  a s  the m an ife s ta tio n  of the "law" 
of d im in ish ing  re tu rn s ;  D im inish ing  re tu rn s  in  a g r ic u ltu re , in  in d u s try , 
fo r a given fa rm  as  w e ll a s  the co llec tio n  of a ll  fa rm s , fo r  a  given firm  
as  w ell as  a ll f irm s  in  an in d u s try , fo r a given in d u s try  a s  w ell as  all 
in d u s tr ie s  to g e th e r, in  sh o rt, fo r  ind iv idual producing  u n its  a s  w e ll as 
fo r the econom y a s  a whole I The sub jec tive  co u n te rp a rt of th is  in  the 
fo rm  of m a rg in a l u til i ty  "e s ta b lish ed "  (? 1 ) the "law " a s  a  u n iv e rsa l 
law of the t ru e  econom ic sc ien ce , tru e  not only in  p roduction  but in  the
sp h ere  of consum ption  as w e ll. P h y s ic is ts  had the  law of g rav ita tio n .
46Why shou ldn 't eco n o m ists  have a  law o r two of th e ir  ownl
The law of d im inish ing  re tu rn s  as an a b s tra c tio n  fro m  the
46P ro fe s s o r  M o rg en ste rn  h a s  d ire c te d  a tten tion  to  the fu tility  
of th eo riz in g  w ithout m e asu re m e n t and v e rific a tio n ; see  O sc a r 
M o rg en ste rn , Econom ic A ctiv ity  A n a ly s is , New York; John  W iley 
and Sons, In c . ,  1954, p. 494.
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n a tu ra l and techno log ica l conditions of p roduction  su p p re sse s  the 
im m ense  qua lita tive  and functional d ifferences am ong the v a rio u s  in ­
puts in  a given production  p ro c e ss  by  m eans of c lass ify in g  a ll inputs 
in to  th ree  m agnificent ag g reg a tes : land, lab o r, and cap ita l. T his 
su p e r-ag g reg a tiv e  n a tu re  of the e lem en ta ry  concepts of the law is ,  by 
i ts e lf ,  suffic ien t to  re n d e r  the  law devoid of any o p era tio n a l s ig n ifi­
cance . One would have to  c o n stru c t indexes of h ighly  heterogeneous 
inputs facing the valuation , w eighting, and o th er fa m ilia r  index 
num ber p rob lem s w ith no gu idelines prov ided  by the th e o ry  i ts e lf .  In 
sh o rt, what is  sa id  of the  o p e ra tio n a l d ifficu lties  in  dealing w ith a g g re ­
g a tes  throughout th is  s tudy  i s  tru e  of the la n d -la b o r-c a p ita l t r io  which 
l ie s  behind the law of d im in ish ing  re tu rn s .
F u r th e r , even if  the  p rob lem  of aggregation  in  the above sen se  
did not ex is t (or could be overcom e), th e re  e x is ts  ano ther o p era tional 
difficulty: It i s  n ev er m ade c le a r  w h e th er the law is  app licab le  a t the 
lev e l of a single p ro c e s s , a  s e t  of p ro c e s s e s , a d ep artm en t w ith in  an 
e s tab lish m en t, an e s ta b lish m e n t, a  f irm , an in d u s try , a group of in ­
d u s tr ie s , o r the whole econom y. It is  ta c itly  assu m ed  to  be tru e  in  
a ll the above c a s e s . B ut the th e o ry  i t s e l f  does not provide any guide 
a s  to  how, fo r  in s tan ce , one i s  to  e s ta b lish  the tru th  of the law  fo r a 
given f irm , assum ing  th a t a ll  the e s tab lish m en ts  belonging to  th a t 
f irm  follow the law .
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Now, suppose the two types of ag g regation  d iscu ssed  above, 
tha t i s ,  ag g reg a tio n  w ith  re s p e c t to  the e lem en ta ry  concep ts of the 
th eo ry  (land, la b o r , and cap ita l) , and agg regation  w ith re sp e c t to  the 
law its e lf - -g o in g  fro m  one le v e l of o p era tion  such a s  e s tab lish m en t 
to  an o th er, say , f i r m - -d id  not e x is t (or could be overcom e). S till the 
th eo ry  is  o p e ra tio n a lly  not s ig n ifican t b ecause  of i ts  non linear fo rm u­
la tio n  and the d ifficu lty  a n d /o r  im p o ss ib ility  of com putational w ork 
when a la rg e  n u m b er of n o n lin ea r re la tio n s  a re  involved. The m athe­
m a tic s  of l in e a r  re la tio n s  is  m uch b e t te r  u n derstood  than  tha t of the 
n o n linear ones. The fo rm e r  i s  h ighly  developed th e o re tic a lly , com ­
p u ta tiona lly , a s  w ell a s  in  the  evaluation  of e r r o r s  involved in  the 
com putation—a v e ry  s ig n ifican t fa c to r  in  the e m p ir ic a l u tility  of a 
com puted r e s u l t .  T h a t i s  w hy n a tu ra l sc ie n c es  v e ry  often r e s o r t  to  
l in e a r  app ro x im atio n s even w hen they  have e m p ir ic a lly  v e rified  tha t 
the tru e  re la tio n s  a re  of a  n o n lin ea r n a tu re . F o r  exam ple, when 
sw ings in  the  pendulum  a re  sm a ll, the sy s te m  can  be tre a te d  by l in e a r  
m ethods; when sw ings a re  la rg e , no n lin ea r techn iques becom e n e c e s ­
s a ry . Such e m p ir ic a l m ethods of approx im ating  re a l i ty  is  as  r a r e  in  
econom ics as the su p p o sitio n al dev ices of assum ing  th ings in  and out of 
a  m odel a r e  p len tifu l. P r o fe s s o r  M o rg en ste rn  o b se rv es  that;
It i s  a sto n ish in g  th a t eco n o m ists  seem  to  h e s ita te  
f a r  le s s  to  in tro d u ce  n o n lin ea rity  than p h y sica l s c ie n tis ts , 
w here  the  tra d itio n  of m a th em atica l exp lo ra tio n  is  m uch
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o ld er and the ex p e rien ce  w ith o b serv a tio n  and m e a s u re ­
m ent so  m uch f i r m e r .
Q uestions of l in e a r i ty  and n o n lin ea rity  cannot be s e tt le d  on ^  
p r io r i  g rounds. I t  is  u ltim a te ly  a  question  of observ ing  the e m p ir ic a l 
re a l i ty  i ts e lf  w h e th er any s ig n ifican t v io la tion  of fac ts  o ccu rs  when 
l in e a r ity  is  a ssu m ed . The co m p lex ity  of the re la tio n s  assu m ed  in  
m a th em atica l econom ics is  an a r b i t r a r y  even t as  long a s  the th e o re ti­
c ian  is  not com pelled  to  a ssu m e  the re sp o n s ib ility  of co n sid e rin g  the 
e m p ir ic a l v e rif ic a tio n  of h is  p ro p o s itio n s . In fac t, th e re  m ay  develop 
a tendency  to  assu m e e v e r  m o re  com plex re la tio n s  in  the fa lse  hope 
th a t th is  w ill b rin g  the "m odel"  c lo s e r  to  re a lity . "A s im p le  a n a ly s is , " 
w r ite s  M rs . R obinson, "ca n  only be m ade upon sim ple  assu m p tio n s , 
and the m o re  com plica ted  the a n a ly s is , the m o re  com plicated  the 
a ssu m p tio n s  can be m ade to  the  com plicated  conditions of the r e a l  
w orld .
But th is  s tra te g y  of ge tting  g rad u a lly  c lo s e r  to  the  r e a l  w orld  
through  e v e r  m o re  co m p lica ted  a ssu m p tio n s p re su p p o ses  th a t M rs . 
R obinson knows the n a tu re  of the com p lex itie s  of the  r e a l  w o rld . But 
r a r e ly  in  h is to ry  have ind iv idua ls  been  endowed w ith such e x tra -
47O sk ar M o rg e n s te rn , On the  A ccu racy  of E conom ic O bserva- 
tion , 2nd ed. ; P r in c e to n , New J e r s e y :  P rin ce to n  U n iv e rs ity  P r e s s ,
1963, p. 94.
48 Robinson, p . 2.
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o rd in a ry  pow er of in te lle c t a s  a ssu m ed  in  the m ethod of econom ics. 
Such L ap lac ian  su p e r-h u m a n  in te llig en ce  which could com prehend the 
n a tu re  of such  a v a s t ne tw ork  of in te rd ep en d en c ie s  as  e x is t in  the 
econom ic life  of a  so c ie ty  can indeed  se rv e  as the p rin c ip le  c h a ra c te r  
of a v e ry  fa sc in a tin g  sc ien ce  fic tion  but not a s  a usefu l assum ption  in 
any sc ien ce . T h is su p e rh e ro  of the w orld  of in te lle c t finds i ts  em bodi­
m en t only in  the body of som e eco n o m ists  and F reu d ian  psycho log ists . 
In  the c ase  of the la t te r ,  i t  i s  a ssu m ed  th a t the  m eaning  of e v e ry  
d re a m  im a g e , lin g u is tic  sym bol, and u n con tro lled  m o to r ac tiv ity , is  
known to  the p sy ch o lo g ist. B ased  on th is  assu m p tio n  F reu d  o bserves 
(? 1 ) the  p a tie n t 's  d re a m s . In s tead  of the law of d im inish ing  re tu rn s  
and the a ssu m p tio n  of hom o econom icus (the econom ic m an), the 
p sy ch o lo g ist h as  h is  in s tin c ts  of lib ido  and death , the d ram a  of ego, 
su p ereg o , and id .
The above re m a rk s  should m ake i t  c le a r  th a t the specific  
p ro p o sitio n s  of econom ic th e o ry -- l ik e  the law of d im in ish ing  r e tu r n s - -
cannot be se p a ra te d  fro m  the g e n e ra l suppositional m ethodology tha t
49h a s  dom inated  econom ics since  R icard o . The spec ific  p ropositions
49In the c r i t ic is m  of the  p re s e n t s ta te  of econom ic m ethod­
ology and the tra c in g  of som e of the p rev a ilin g  th e o rie s  to  R icardo  and 
o th e rs  in  the c la s s ic a l  p e rio d , the au th o r does not m ean to  discount the 
im p o rta n t co n trib u tio n s  m ade by th e se  th in k e rs  tow ards the fo rm ation  
of the  econom ic sc ien ce . W hat i s  in s ig n ifican t today  w as not n e c e s ­
s a r i ly  so  a t the tim e  of i t s  o rig in a l fo rm u la tio n . The is su e  is  not 
w h e th er, f o r  exam ple , the law of d im in ish ing  re tu rn s  w as of value
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m u st be evaluated  sim u ltan eo u sly  w ith the o v e ra ll m ethodology, 
o therw ise  one would be caught in  the infin itude of exam ining the end­
le s s  m u ltip lic ity  of specific  p ro p o sitio n s  based  on a r b i t r a r y  a ssu m p ­
tio n s . A lready  in  1620 F ra n c is  B acon w arned  ag a in st the fu tility  of 
50such e x e rc is e .
51Thus the vague a b s tra c tio n  of an aggregative  production
52function accord ing  to the p ro p o sitio n  of d im in ish ing  re tu rn s  
am ounts to  the su p p re ss io n  of a ll the qua lita tive  and functional d iffe r­
ences th a t c h a ra c te r iz e  the tru e  p ro c e ss  of p roduction . In  o ther 
w ords, such an approach  im p lie s  th a t the  techno log ica l and o th er 
a sp ec ts  of p roduction  a re  i r r e le v a n t  to  the understand ing  of econom ic
when i t  w as f i r s t  fo rm u la ted  o r not. R a th er, i t  i s  the fa ilu re  of the 
econom ic sc ience  to  evaluate  th is  hypo thesis  w ith re g a rd  to  i t s  em ­
p ir ic a l  v a lid ity  and the co m ple te ly  out of p ro p o rtio n  ro le  th a t the 
sc ience  ass ig n ed  to the  law by  u n iv e rsa liz in g  i t ,  th a t is  the  is su e .
^ B a c o n , Vol. XXX, 130.
51Vague in  the sen se  th a t the dom ain of app lication  is  not 
specified  as  noted e a r l ie r .
52S tr ic tly  speaking , the assum ption  of d im in ish ing  re tu rn s  
does not even co n stitu te  a  p ro p o sitio n . F o r  p ro p o sitio n  is  a s ta te ­
m ent tha t can be iden tified  a s  tru e  o r  fa lse . The law of d im in ish ing  
re tu rn , a s  i t  s tan d s , th a t i s ,  w ithout being supplem ented  by  addi­
tio n a l p ro p o sitio n s , does not lend i ts e lf  to  e m p iric a l v e rific a tio n , and 
hence, does not constitu te  a p ro p o sitio n . F o r  a  d iscu ss io n  on p ro ­
positions in  logic see  M. R. Cohen and E . N agel, An In troduction  to 
Logic and S~cieritific M ethod, New York; H a rco u rt. B race  and C om ­
pany, 1936, chap. II.
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phenom ena excep t in a  c e r ta in  g e n e ra l (and o p era tio n ally  m ean ing less)
w ay through the a b s tra c tio n  of d im in ish ing  re tu rn s .
It is  s ign ifican t to  note th a t in  two of the th e o re tic a l fram ew o rk s
which have been s ta t is t ic a l ly  im plem ented ; nam ely , in  input-output
an a ly sis  and lin e a r  p ro g ram m in g , p re c is e ly  those  fe a tu re s  a re  lacking
which c h a ra c te r iz e  the law of d im in ish ing  re tu rn s . T hat is ,  (1) the
aggregative  concepts of la b o r, land , c ap ita l, and abandoned in  favor of
53highly  spec ific  inputs iden tified  w ith sp ec ified  ru le s . (2) The dom ain 
of app lication  of the th e o ry  is  sp ec ified , and the p rob lem  of aggregation  
a ssu m es  a th e o re tic a lly -p a r tic u la r iz e d  fo rm u la tion . The th eo ry  i ts e lf  
p rov ides gu idelines fo r  agg regation  of the e m p ir ic a l data. (3) The 
assum ption  of n o n h n e a rity  is  abaodoned in  favo r of lin e a rity .
In o rd e r  to  give a sp ec ific  account of the sign ificance  of te ch ­
no logical d a ta  to  econom ics a se le c ted  c la s s  of e m p iric a lly  v e rifiab le  
econom ic m odels w ill be s tud ied . T hese  a re  the s ta tic  L eon tief m odel, 
the  von N eum ann m odel, and l in e a r  p ro g ram m in g .
A. L in ea r P ro g ram m in g  
In l in e a r  p ro g ram m in g  a  productive unit such as  an e s ta b lish ­
m en t, a f irm , o r  in d u s try  is  conceived of a s  em ploying a s e t of 
"a c tiv itie s "  (o r " p ro c e s se s " )  which co n v ert a s e t of inputs (or
53See C hap ter VI fo r  a de ta iled  d iscu ss io n  of the spec ifica tion  
of inpu ts through c la ss if ic a tio n  in  inpu t-ou tpu t an a ly s is .
160
re s o u rc e s )  to  a s e t of outputs u n d er the q u a lita tiv e ly  spec ified  l im it­
ation of r e s o u rc e s  in  such  a w ay th a t som e objective function is  m ax i­
m ized  (or m in im ized).
The ad jec tive  l in e a r  m eans tha t the v a ria b le s  involved in  the
m odel ap p ear in add itive  fo rm  w ith exponents of z e ro  o r  one only.
- 1
A lso no o p e ra to rs  such  a s  log, s in , ta n  , e tc . ,  a re  p e rm is s ib le .
L e t a. . d esigna te  the n u m b er of un its  of re s o u rc e  i which is  
ij
needed fo r  the  p roduction  of one un it of output j. Suppose th e re  a re  
m  d ifferen t r e s o u rc e s  involved . Then the colum n v e c to r 
[ a f f ,  . . . , a ^ ^ ]  in d ic a te s  the s e t of re s o u rc e  re q u ire m e n ts
fo r p roduction  of one u n it of output of p roduct 1. T h is  v e c to r is  called  
a  " p ro c e ss  v e c to r . " A  p ro c e s s  i s  th u s  com ple te ly  id en tified  quanti­
ta tiv e ly  b y  the e n tr ie s  a _  w hose n u m e ric a l va lues a re  to  be e m p ir i­
ca lly  m e a su re d  by  observ in g  the a c tu a l opera tion  of the  p roductive  unit 
being studied .
The objective function  m e a s u re s  the lev e l of a tta in m en t of a 
c e r ta in  goal w hich depends on the v a lu es  of the s e t of output v a r ia b le s . 
F o r  exam ple, the ob jective  function  z m ay  depend on the lev e l of 
output Xj and the con trib u tio n  p^ p e r  unit of x. to  to ta l p ro fit. Then 
the objective function  i s  g iven  as
161
w here it is  a ssu m ed  th a t th e re  a re  n d ifferen t ou tpu ts, a re  
assu m ed  to  be non-negative. A sp ec ified  s e t of va lu es  of such  as 
(x* ,^ x ^  , . . . , x ^ )  is  ca lled  a p ro g ram . Thus the ta sk  is  to  choose 
tha t p ro g ram  (or those  p ro g ram s) which re s u lts  in  the m axim um  value 
of z . Hence, the  te rm  "p ro g ram m in g . "
It is  a ssu m ed  th a t th e re  a re  sp ec ific  am ounts of re s o u rc e s  
R^, Rg, . . . , R ^  av a ilab le . T h e re fo re , the use of each re s o u rc e  
i cannot be la rg e r  than the  availab le  quantity  R^. R eca lling  the d e fin i­
tion  of a .., the quan tity  a. ,x^. + a .„ x ^  + . . . + a. x^ m e a -
1 ] i l  1 i2 2 in  n
s u re s  the  to ta l use  of re s o u rc e  i w hen the p ro g ram  (x*^, x . . . x ^ )  
is  p e rfo rm ed . F o r  any p ro g ram  (x^, x^, . . . , x^) i t  m ust be tru e  
tha t
T h e re fo re , the l in e a r  p ro g ram m in g  p rob lem  can  be concise ly  
fo rm u la ted  a s  fo llow s;
n
m ax z = Z r, Y
j
su b jec t to
9 a . . X.  < R. (i a 1, 2, . , . , m)
3 = 1 ^ 3 1 - ^
X j2  0 (j =* 1. 2, . . . , n)
S e v e ra l d iffe ren t com nuta tional m ethods have been  w orked  out
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fo r  the above p rob lem  the  m o st e ffic ien t and w idely u sed  of w hich is  
the s im p lex  a lg o rith m  developed by D antzig.
To rev iew  the m odel: i t  invo lves v a r ia b le s  whose va lu es  a re  to 
be d e te rm in ed  by so lv ing  the m odel. T hese  a re  Z, the value of the 
ob jective function, and x^, the sp ec ific  value of each  output j. The 
p a ra m e te rs  a re  of th re e  d is tin c t ty p e s : the ob jec tive-function  p a ra m ­
e te r s  p., the re s o u rc e  av a ilab ility  p a ra m e te rs  and the te ch n o ­
lo g ica l p a ra m e te rs  a _ . T he re a so n  fo r c a llin g  a _  the technolog ica l 
p a ra m e te rs  is  th a t each  p roductive  p ro c e ss  is  s t r ic t ly  iden tified  by the 
v a lu es  of a _ . By a  technology  is  m eant, th e re fo re , a se t of p ro c e sse s . 
Thus the  m a tr ix  [a _ ] c o n s titu te s  the  technology m a tr ix  of a given p ro ­
ductive unit such  a s  an e s ta b lish m e n t. The num ber of row s and colum ns 
in  th is  m a tr ix  d e te rm in e s  the  d eg ree  of fin en ess  (as opposed to  c o a r s e ­
n ess) of the  s tru c tu re  of the m odel. The c o a r s e r  the  technology m a trix  
(the s m a l le r  the  num ber of p ro c e s s e s  and re s o u rc e s  d istinguished) the 
le s s  the  d e ta ils  of in fo rm atio n  n e c e s sa ry  fo r  the  so lu tion  of the  m odel 
and the  le s s  the  d e ta ils  of in fo rm a tio n  in  the  so lu tio n  obtained. T h is  is  
a sp ec ific  c a se  of the  g e n e ra l p rin c ip le  of lo s s  of in fo rm ation  th rough 
su p p re ss io n  of d e ta ils  (of qu a lita tiv e  v a ria tio n ) by m eans of aggregation . 
Note th a t ag g reg a tio n  in l in e a r  p ro g ram m in g  a ssu m es  a  w e ll-
defined fo rm u la tio n : i t  c o n s is ts  of in c re a s in g  the  deg ree  of c o a rse n e ss
54
(in the  above sen se )  of a  given c la s s if ic a to ry  sch em e. So is  the case
54The p rob lem  of c la s s if ic a tio n  in  l in e a r  p rog ram m ing  has
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with von Neum ann and L eontief m odels .
Thus the p ro b lem s of what kind of data  a re  to be co llec ted  and
how they should be c la ss if ie d  and what a re  the consequences of fin e r o r
c o a r s e r  c la ss if ic a tio n s  a re  a ll sp ec ified  and guided by the th eo ry  its e lf .
As m ore  and m o re  f irm s  in  the econom y adopt lin e a r p rog ram m ing  and
the re la te d  techn iques of gam e th eo ry  and input-output analysis , the
co llec tio n  and c la ss if ic a tio n  (on a unified p rincip le) of techno log ica l and
re so u rc e -a v a ila b ility  da ta  p roceed  on an ev er m o re  u n iv e rsa l sca le  and
55to  tha t extent the technology m a tr ix  fo r  the  so c ie ty  as  a whole w ill 
com e to be known ev er m o re  com pletely  and w ith m ore  p rec is io n . Thus 
econom ics g radually  ap p roaches the s ta tu s  of an e m p ir ic a l sc ien ce  
based  on m easu rem en ts  which p re se rv e  any d e s ired  d eg ree  of qualita tive  
d e ta ils . T hen it would be possib le  to  evaluate  the o p era tio n a l s ig n if i­
cance of som e of the ex isting  aggregative  econom ic concep ts such as 
land, labor, and cap ita l. Some of th e se  concep ts m ay tu rn  out to  be 
en tire ly  devoid of any s ign ificance , o th e rs  m ay becom e m eaningful
been exhaustively  exam ined by D antzig. See G eorge B. Dantzig, 
Suggestions on the C la ss if ic a tio n  P ro b lem  in  L in ear P ro g ra m m in g , U. 
S. A ir F o rc e  Pam phle t. F o r  a  com prehensive  p re sen ta tio n  of lin e a r 
p rogram m ing  theo ry  and its  ra m ifica tio n s  see G eorge E . Dantzig, 
L in ea r P ro g ram m in g  and E x tensions, P rin ce to n , New J e rse y : 
P rin ce to n  U n iversity  P r e s s ,  1963.
55This m a tr ix  w ill be in troduced  in  connection w ith input-output 
an a ly sis  in the  following c h ap te rs .
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through a r ig o ro u s  fo rm u la tio n  that would ind ica te  the  p re c ise  way in 
which an aggregate  such  as " lab o r"  o r "cap ita l"  is  to be built up from  
im m ed ia te ly  availab le  data. N eed less to say, the  wide accep tance of 
lin e a r p rog ram m ing  and input-output an aly sis  w ill act as a g re a t s t im ­
ulus to the im provem ent of data co llection  p ra c tic e s . F u r th e r , m uch 
data which is  not m ade availab le  now is  expected  to  becom e availab le  in 
a sy stem a tic  fash ion . H ere, then, is  the c ase  of som e th e o rie s  which 
do not shy away fro m  the prob lem  of fac tu a l im p le m e n ta tio n --a s  the 
case  is  w ith m uch of p rev a ilin g  econom ic th e o r ie s - -b u t  d irec tly  provide 
the p rinc ip le  s tra te g ie s  n e c e ssa ry  fo r such  w ork.
Thus lin e a r  p rog ram m ing  involves a th eo ry  of production  which 
is  c h a ra c te r iz e d  by lin e a rity , d isag g reg a ted  techno log ica l data, and 
sp ec ifica tion  of dom ain of app lication . In a ll th e se  r e s p e c ts  it s tands in  
sh a rp  c o n tra s t to the  n e o -c la s s ic a l sm ooth  production  function based  on 
the notion of d im in ish ing  re tu rn s .
B. The von Neum ann M odel 
The von N eum ann m odel is  a pure  p roduction  m odel w hich is  
c losed  in  the sen se  th a t th e re  is  no fin a l dem and (consum er, g o v ern ­
m ent, investm en t, ex p o rts) and no fixed fac to r of production . L abor is  
thought of as being produced by "households" w ith consum ption goods 
as inputs of the household  se c to r . It is  a ssu m ed  th a t lab o r, like any 
o ther com m odity, is  produced by a p ro c e ss  (or ac tiv ity ) defined
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s im ila r  to  the  lin e a r  p ro g ram m in g  p ro c e ss  d iscu ssed  above. Thus 
each unit of output of lab o r re q u ire s  sp ec ified  am ounts of v a rio u s  c o m ­
m o d ities  which define a  p a r tic u la r  p ro c e ss . T h e re  can  be m o re  than 
one p ro c e ss  of p roduction  fo r a given com m odity.
It is a ssu m ed  th a t each  p ro c e ss  ta k e s  exactly  one unit of tim e . 
T h is  can  be a rra n g e d  even  if d iffe ren t p ro c e ss e s  re a lly  have d ifferen t 
dura tion , by in troducing  fic titio u s  in te rm e d ia te  s tag e s  in the longer p ro ­
c e s s e s . The tre a tm e n t of c ap ita l goods in  the von N eum ann m odel is  
ex trem ely  in te re s tin g . A nondeprecia ting  cap ita l good e n te rs  both as 
input (with negative sign) and a s  output (positive) in  the p ro c e ss  em p lo y ­
ing it. If the cap ita l good d e p re c ia te s  r  per cent per unit of tim e , one 
unit of i t  m ay appear a s  input, and (1 - r )  of a unit as output.
Since each  p ro c e ss  is  a ssu m ed  to  be of exac tly  one unit of tim e  
a f te r  inputs a re  used . Since the  p roductive  sy s tem  is  c losed  the output 
of one perio d  a re  the inputs of the next. Thus ev ery  com m odity is  an 
in te rm e d ia te  p roduct. The q u an titie s  of a ll re s o u rc e s  (inputs) a re  
sp ec ified  once a  given in s tan t of tim e  is  given. At any given m om ent, 
the p roduction  is  lim ited  by the c u rre n tly  availab le  inputs (which a re  
the  outputs of the  p rev ious period).
In v en to ries  can  be handled by defining a p ro c e ss  w ith one unit 
of a  given com m odity  fo r input and one unit of the sam e com m odity fo r 
output. S torage co s ts  can  be e n te red  as  inputs a lso , perhaps in  the 
fo rm  of d ep rec ia tio n  of inven to ry .
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Now le t  a p ro c e ss  j be defined by a colum n v ec to r
[a  , a . . . , a „ k , k „ , k .} w here a ., and k . . a re  
1] 2j m ]  Ij 2j m j '  i ]  i]
non-negative  n u m bers defining inpu ts and outputs of each  of m  d is tin c t 
co m m odities  n e c e s sa ry  fo r the production  of one unit of com m odity  j. 
Note tha t the p ro c e ss  j m ay have o ther outputs than  j. But the p ro ­
c e s s  is  defined in  te rm s  of one unit of output of j, a ll the o th er o u t­
puts being defined in  te rm s  of j. F o r  exam ple if  p roduct j has two 
"b y -p ro d u c ts"  k and 1 of which 2 and 3 un its  a re  p roduced r e s p e c ­
tiv e ly  w henever one unit of j is p roduced  then  2 and 3 co n stitu te  the 
output co effic ien ts  fo r goods k and 1, co n sis ten t w ith the production  
of one unit of j.
Next le t Xj(t) and x ^ t+ l)  be the am ount of com m odity  j in  
t im e s  t  and t+1, re sp e c tiv e ly . F ro m  a view point a t tim e  t+1, th e r e ­
fo re , Xj(t) is  the  am ount of input of com m odity  j and x / t+ l )  is  the 
am ount of output of it .
Since the  only way to produce xXt+1) is  to  apply p ro c e ss  j at 
tim e  t, x .(t) w hich m e a su re s  the lev e l of av a ilab ility  of j at th a t tim e  
t  a lso  m e a s u re s  the " lev e l"  (or " in ten sity ") of p ro c e ss  j n e c e s sa ry  to  
a tta in  the  output x ^ t+ l) .
R eca llin g  the  defin itions of a . . and k . . above, the to ta l  av a il-
1 ] 1 ]
ab ility  (supply) of com m odity i a t tim e  t  is  given by
(3. 1) S = I  k. .x.(t) (i » 1, . . . , m)
j* l  13 ]
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w here  it is  a ssu m ed  th a t th e re  a re  n d iffe ren t p ro c e s s e s . In o rd e r  to 
a tta in  outputs x^(t+ l), Xg(t+1), . . . , x^(t+ l) it  is  n e c e s sa ry  to  apply 
inputs
(3 .2 ) D = Z a. .x .(t+ l) (i = 1, . . . . m)
.1*1 iJ J
of com m odity  i.
It is  c le a r  th a t the am ount of inputs re q u ire d  cannot be g re a te r  
th an  the av a ilab le  supply  S. T hus D < S. T hat is :
(3 .3 ) I  a. ,x .(t+ l) < i  k. .x.(t) (i = 1, 2, . . . , in)
j* l  iJ 3 “  j= l ij  3
Now co n s id e r the p ro fit s ide  of the production  p ro c e ss . L et 
pXt) and pXt+1) be the p r ic e s  of com m odity  i a t t im e s  t and t+1, 
re sp e c tiv e ly . T hen  fo r a unit le v e l of o p era tio n  of p ro c e ss  j the unit 
c o s t is
m
(3 .4 ) C = Z a. ,p.(t) (j = 1, 2, . . . , n)
1=1  13 1
and unit revenue  is
m
(3 .5 ) R = Z k. .p .(t+ l) (j = 1, 2, ,. . . . n)
i= l 13 1
In a  com petitive  m a rk e t the  d iscoun ted  revenue  fro m  a unit lev e l of 
o p e ra tio n  of a  p ro c e ss  cannot exceed  unit c o s ts  becau se  o th erw ise  the 
p ro c e ss  in ten s ity  would in c re a s e  (output would expand) u n til input
1 6 8
p ric e s  r is e  and output p r ic e s  fa ll enough to e lim in a te  the p ro fit. Let 
be the m ark e t ra te  of in te re s t  in period  t. T hen
(3.6) C > - r r —  R
1 + Pt
or
(3 .7) ( l+ p ^ )C  > R
w here ——-—  is  the d iscount fac to r in  period  t .  By su b stitu tion  fo r 
i  + Pt
C and R fro m  above:
m m
(3 .8) ( l+ P o .) .2  a ..p .(t) > J  k. .p. (t+1) (j = 1, 2, . . . , n)t  1 = 1  1 ] 1 — 1 = 1  1] 1
Von N eum ann g ives a  sp ec ia l case  of th is  by re s o r tin g  to  the
steady  sta te^^  assu m p tio n s . T h ese  assum ptions c o n sis t of p  ^ = p =
constant, and p.(t) * = constan t,on  the p ric e  s id e ; on the output side
it is  assu m ed  th a t the p ro c e ss  in te n s itie s  in  each  p e rio d  a re  p ro p o r­
tiona l to  those of the p reced ing  period  w ith the fa c to r  of p ro p o rtio n a lity
a .  That is .
x,(t) = a  x .(t+ l) 
3 J
In dynam ics,’^steady s ta te "  r e f e r s  to  a p ro p o rtio n a l change in  
the com ponent p a r ts  of a  sy stem  fro m  one period  to  the next. T h ere  
a re  th re e  sp ec ia l c a se s  of s te a d y -s ta te  change : p ro p o rtio n a l expansion, 
lack  of expansion  o r  sh rin k ag e  (s ta tionary  s ta te ), and p ro p o rtio n a l 
sh rinkage.
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The econom y w ill ex p erience  balanced  growth, s ta tio n a ry  
s ta te , and balanced  shrinkage, depending upon w hether a  > 1 , a  = I, 
o r a  < 1, re sp ec tiv e ly . Inco rp o ra tin g  th ese  assum ptions in  the above 
re la tio n s  (3 .3 ) and (3.8), re sp ec tiv e ly , r e s u lts :
(3 .9 ) a  I  a. ,x. < Z, k. .X. (i = 1, 2, . . . , m)
3=1 ID 1 -  3=1 1] ]
and
m m
(3 .10) (1 + p) .Z a p > Z k p (3 = 1, 2, . . . , n)
1 = 1 1] 1 1 = 1 1] 1
57Using a  fixed-po in t th eo rem , von N eum ann proved tha t his
sy s te m  has a  unique so lu tion . S pecifically , he showed tha t 
m ax (ff) = m in ( 1  + p) is  the unique ra te  of s te a d y -s ta te  grow th of the 
sy s tem . The equ ilib rium  v a lu es  of a  and (1 + p) have ex trem ely  
in te re s tin g  in te rp re ta tio n s . Some of th e se  r e s u lts  have been exp lo red  
by D orfm an, Sam uelson, and Solow.
The above d iscu ss io n  of the  von Neum ann m odel in d ica tes  that, 
by its  n a tu re , it is  applicable  only to the econom y as a whole not to  its  
com ponent p a r ts . It is  a dynam ic theo ry  of g en era l equ ilib rium .
57F o r  a d iscu ss io n  of "fixed point th e o re m s"  see D orfm an, 
Sam uelson, and Solow, pp. 371-372.
^^Ibid., pp. 387-388.
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The am ounts and kind of da ta  re q u ire d  fo r it a re  so v a s t th a t 
its  e m p ir ic a l im p lica tio n  in  near fu tu re  is  not v e ry  like ly . F u r th e r  
the s tru c tu re  of the th eo ry  is  so fine th a t i ts  so lution, even if the 
m odel is  s ta t is t ic a l ly  im plem ented , is  beyond the cap ac ity  of the 
exisLing com puting fa c il i t ie s . Q uantita tive  sp ec ific a tio n  of a von 
N eum ann p ro c e ss  re q u ire s  m e asu rem en t of the follow ing types: G iven 
a  com m odity  su ch  a s  copper w ire  of sp ec ified  th ick n ess , purity , e tc . ,  
it  m ust be d e te rm in ed  w hat v a r io u s  inputs and to  what am ounts a re  
needed to  produce a  unit of output of th is  com m odity . How m any hours 
of each  type of lab o r, each  type of m ach in ery , building, how m any 
un its  of fuel, e le c tr ic ity , copper ingot, e tc . ,  how fa s t the inven to ry  is  
being used  up or added to, and how fa s t the equipm ent and build ings a re  
d ep rec ia ted . T h ese  a re  the  types of da ta  th a t m u st be co llec ted . The 
num ber of p ro c e s s e s  to  be thus id en tified  a re  v e ry  la rg e , since  fo r 
e v e ry  d is tin c t com m odity  a p ro c e ss  is  defined; and the concept of 
com m odity  in th is  context is  m uch m o re  in c lu s iv e  than  the m ore  
fa m ilia r  one. F o r  in s tan ce  labo r of v a r io u s  ty p e s  c o n stitu te s  not one 
but s e v e ra l  d iffe ren t com m odities . So is  the  c a se  w ith o ther re s o u rc e s . 
T hen th e re  a r i s e s  the question  of m e asu rin g  the  inputs of a p ro c e ss  
whose output is  a  given type of la b o r. C onsum ption  ex p en d itu res  of 
the so c ie ty  m u st be b roken  down on the b a s is  of v a rio u s  co m m odities  
and the  re la te d  to  the  outputs of v a rio u s  ty p es  of la b o r. The
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d ifficu lties  (or perhaps im p o ssib ility ) of such  a ta sk  is ev ident.
The num ber of d is tin c t co m m id itie s  in the above in c lu siv e  
sense  is  p e rh ap s  as la rg e  as  s e v e ra l  m illions fo r the A m erican  eco n ­
om y. T h e re fo re , when the  quan tita tive  sp ec ifica tio n  of each  ind iv idual 
com m odity  is  achieved, the next s tep  co n sis ts  of d iffe ren t types of 
consum ption  involving s e v e ra l  m illio n  in te rdependen t v a r ia b le s . T h is 
re q u ire s  an a s tro n o m ic a l com puting capac ity . P e rh a p s  such  a c a p ­
acity  w ill be m ade availab le  when the next couple of g en e ra tio n s  of 
co m p u te rs  a re  bo rn . P re se n tly , i t  is  not av a ilab le .
But the c h a ra c te r is t ic s  of the  von N eum ann m o d e l--w h ich  is  
fo rm a lly  of the sam e s tru c tu re  as the l in e a r  p ro g ram m in g  m odel in  
i ts  m o s t g en e ra liz ed  fo rm u la t io n --a re  again  d ia m e tr ic a lly  opposed 
to  the n e o -c la s s ic a l  th e o ry  of p roduction . The d isag g reg a ted  te ch n o - ' 
lo g ica l data, lin e a rity , sp ec ific ity  of the dom ain of application , the 
ty pes of da ta  to  be co llec ted , an im p lied  c la s s if ic a to ry  schem e fo r 
th e se  data, and an exhaustive en u m era tio n  of the n e c e s sa ry  a ssu m p ­
tio n s , th a t is ,  the  ab sen se  of c e te r is  p a rib u s  assum ption . The m odel 
is , in  p rin c ip le , em p iric a lly  v e r if ia b le . Its  im p lem en ta tio n  is  a 
m a tte r  of co st, av a ilab ility  of the spec ified  data, and im p ro v ed  c o m ­
puting technology.
The concept of p ro c e ss  (or ac tiv ity ) which u n d e rlie s  both the 
von N eum ann and lin e a r  p ro g ram m in g  m odels, has lead  to  som e in ­
te r e s t ,  in re c e n t y e a rs , to w ard s  techno log ica l m odel build ing.
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A ttem pts have been  m ade to derive  highly d isag g reg a ted  econom ic
production  functions from  eng in eerin g  da ta . C h en ery  and M arkow itz
59a re  am ong the p io n eers  in  th is  fie ld .
C. The L eon tief M odel 
The L eon tief m odel in  a  s ta tic  v e rs io n  is  ex ten siv e ly  studied  
in  the follow ing c h a p te rs . H ere, i t  w ill only be noted tha t te ch n o ­
lo g ica l data  c o n s titu te s  the k e rn e l of the L eon tief m odel ju s t as it was 
the c a se  w ith the p reced in g  two m o d e ls . A ll the  e s s e n tia l  fe a tu re s  of 
the  p reced in g  m odels, d isag g reg a ted  fo rm u la tio n , lin e a rity , e t c . , a re  
again  p re se n t in  the L eon tief m odel. T h e re  w ill be a  r a th e r  de ta iled  
co m p ariso n  of the L eon tief p roduction  function  w ith the C obb-D ouglas 
function  a s  a re p re se n ta tiv e  of the n e o -c la s s ic a l  p roduction  function 
in  ch ap te r
6 . On In v a rian ce : An E xam in a tio n  of the 
N atu re  of E conom ic Inv arian ce
The notion of o rd e r  in  n a tu re  is  im p lied  by the v e ry  ex isten ce  
of s c ie n c e s . W hitehead  w rite s  th a t " th e re  can  be no liv ing sc ien ces
5 9See H ollis B. C henery , " P ro c e s s  and P roduction  F unction  
fro m  E ng in eerin g  D ata, " in  W. L eontief, e t a l . , S tudies in  the 
S tru c tu re  of the  A m erican  E conom y, New Y ork: O xford U n iversity  
P r e s s ,  1953, pp. 297-325; and H a rry  M arkow itz, "Industry -W ide, 
M u lti-In d u stry , and Econom y-W ide P ro c e s s  A nalysis , " in  T ib  o r 
B arn a , e d . , The S tru c tu ra l  Independence of the  E conom y; p ro c e ed ­
ings of an In te rn a tio n a l C onference  on Input-O utput A nalysis , V erna, 
Ju n e -Ju ly , 1954, New Y ork: John W iley and Sons, In c ., 1955, pp. 
119-152.
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u n less  th e re  is  a w id esp read  in s tin c tiv e  conviction in  the ex istence
of an O rd e r of T h ings, and, in p a r tic u la r , of an O rd e r of N a tu re .
The roo t of th is  in s tin c tu a l be lie f in  the O rd e r of N ature  is
obviously not in the exact re c u rre n c e  of th ings and events in  na tu re ,
fo r such a re c u rre n c e  is  nonex isten t: no two days, o r  two w in te rs ,
a re  iden tical. W hat has gone, has gone fo re v e r . "A ccordingly, "
notes W hitehead, "the p ra c tic a l philosophy of m ankind has been  to
expect the b road  re c u r re n c e s , and to  accept the d e ta ils  as em anating
61fro m  the in sc ru tab le  womb of th ings beyond the ken of ra tio n a lity . " 
The expecta tion  of such b ro ad  re c u rre n c e s  is  based  on the 
long experience  of m ankind w ith n a tu re 's  g e n e ra l r e c u r re n c e s . Men 
have adapted th em se lv es  to  na tu re  w ith th ese  expectations playing an 
e s se n tia l ro le  in the  adaptation  p ro c e ss .
T h e re  is  a type of o rd e r  th a t is  so fa m ilia r  tha t, in sp ite  of 
i ts  e sse n tia lity  in  re la tio n  to hum an su rv iv a l and developm ent of 
c iv iliza tion , it  g en era lly  e sc a p es  notice . Things like  w ater, sa lt, 
and iro n , a re  given th ese  sp ec ia l n am es. Why? B ecause  "w ate r"  
denotes a  constan t conjunction of p ro p e r t ie s : it is  liqu id  in  a  given 
te m p e ra tu re  range , it  is  o d o rle ss  and c o lo rle ss , it  rem o v es th ir s t .
^*^Whitehead, p. 5.
^ 4 b id . ,  p. 7.
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e tc . Thus the nam e "w a te r"  s ig n ifies  a constan t conjunction of 
p ro p e rtie s , and at the sam e tim e it d is tin g u ish es  th is  from  o ther co n ­
s tan t conjunctions of p ro p e rtie s  re la te d  to sa lt, iro n , and w ater.
The im portance  of th is  type of o rd e r  is  of utm ost sign ificance 
as a  s tep  tow ards the d isco v ery  of o th e r types of physical o rd e r in the 
u n iv e rse . T h is  em p h asis  on the im p o rtan ce  of such e lem en ta ry  o rd e r 
c o n stitu tes  the v e ry  e ssen ce  of B acon 's  e m p ir ic ism . N o rth ro p 's  view 
of the s tag es  of developm ent of sc ien ces  fro m  the "n a tu ra l h is to ry  
s tag e s  of developm ent of sc ien ces  fro m  the "n a tu ra l h is to ry  s tag e"  to  
th a t of deductively  fo rm ula ted  th eo ry  show s his in s is ten ce  on the im ­
portance  of d istingu ish ing  betw een th ings and p ro c e sse s  on the b a sis  
of th e ir  m ost im m ed ia te ly  com prehended  p ro p e r tie s . To single out 
the  "thinghood" of a "thing, " to d is tingu ish  a thing fro m  o th er th ings, 
th e se  a re  e s s e n tia l  in  sc ience  a s  w ell as  in  p ra c tic a l life . Cohen is  
quite em phatic  on th is  point: "The vague notion of a thing, " he w rite s , 
"denotes . . .  a v e ry  e lem en ta ry  but fundam ental type of o rd e r. It 
denotes a  c e r ta in  in v a riab le  conjunction o r a sso c ia tio n  of p ro p e rtie s  
th a t is  d ifferen t fro m  o th er conjunctions. . . . The d iscovery  of 
th is  kind of o rd e r  is  fundam ental to  the  d isco v e ry  of any o ther kind of 
physica l o rd e r . D ifferen t kind of th ings have been recogn ized  in  the
^^T his d iscu ss io n  is  b ased  on C ohen and Nagel, C hapter XIII.
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m o st p rim itiv e  s tag es  of m a n 's  h is to ry . But the p ro c e s s  of c la s s ify ­
ing and cataloging  our ex p erien ces  is  not com plete , and p e rh a p s  n ev er 
w ill be.
T h e re  is a second kind of o rd e r  known as "c a u sa l o rd e r. "
T his often involves a  te m p o ra l d irec tio n . F o r  exam ple, th e  p ro p o s i­
tion  " iro n  ru s ts  in m o is t a ir "  is  g en era lly  re g a rd e d  as  e x p re ss in g  the 
cau sa l re la tio n  th a t m o st a ir  is th e  cau se  of w hich the  ru s tin g  iro n  is 
the effect. It is  difficult to  m ake c le a r  w hat is  u n d ers to o d  by cau ses  
"producing" th e ir  e ffec ts . A c lo se  exam ination  of m any a lleged  in ­
s tan ces  of cau sa lity  re v e a ls  th a t th e se  a re  in s tan ces  of an in v a riab le
64re la tio n  betw een two or m o re  p ro c e s s e s .
F u r th e r , m any a lleg ed  in s ta n ce s  of cau sa lity  a r e  found, upon 
c lo se r  sc ru tin y , to  be specious: Iro n  does not alw ays r u s t  in  m o is t 
a ir .  T h e re  a r e  o ther fa c to rs  involved. Thus one is  led  to  see k  o ther 
fa c to rs  tha t a r e  n e c e s s a ry  fo r  the  o c cu rren c e  of th e  given  effect. In 
th is  way th e re  is  a g radual tra n s it io n  fro m  th e  crude  and ap p rox im ate  
u n ifo rm itie s  observ ed  in  every d ay  ex p erien ce , to  th e  m o re  com plete ly  
analyzed  in v a rian t re la tio n s  of the  developed sc ien ces .
^^ Ib id . , p. 246.
'^^Ibid.
i  m
A th ird  kind of o rd e r is  often e x p re sse d  by n u m erica l eq u a ­
tio n s . T h is  is  the case , for exam ple, w ith the  p rinc ip le  of the lev e r, 
w hich s ta te s  tha t equ ilib riu m  is  obtained when the two w eights v e ry  in 
in v e rse  p ro p o rtio n  to  th e ir  d is tan ces  from  the fu lc ru m .
A fou rth  type of o rd e r  i s  i l lu s tra te d  in  such  com prehensive  
th e o r ie s  as the  th eo ry  of g rav ita tio n , o r the kinetic  th eo ry  of m a tte r . 
In th e se  c a se s , not a ll the e lem en ts  betw een which the inv arian t 
re la tio n s  a re  a s s e r te d  to  hold a re  d ire c tly  o b se rv ab le . Thus the 
a tom s, th e ir  m otion and co llis io n , the  in v a rian ce  of th e ir  average  
e n e rg ie s , cannot be v e rif ie d  d ire c tly . The ra is o n  d 'e tr e  fo r such 
th e o r ie s  is  w ell illu c id a ted  by Cohen:
The function of such  com preh en siv e  th e o rie s  . . .  is  
th a t they enable us to  show th a t m any n u m e ric a l as w ell as 
qu a lita tiv e  law s which a re  in fac t ex p erim en ta lly  c o n firm - 
able, a re  not iso la te d  fro m  one an o th er. Such law s can 
often be shown to  be the  n e c e s sa ry  consequences of the 
m o re  a b s tra c t and in c lu siv e  o rd e r  a s s e r te d  in  the th eo ry .
T hus com prehensive  th e o r ie s  a re  designed  to  e s ta b lish  a 
g e n e ra l fram ew o rk  fo r an in te rn a lly  co n sis ten t o rg an iza tio n  of ob­
se rv e d  a n d /o r  ex p erim en ta lly  v e r if ie d  phenom ena. As long as the 
re s u l ts  of ex p erim en ta tio n  and o b serv a tio n  do not co n trad ic t a th eo ry , 
th a t th e o ry  re m a in s  usefu l. So soon as  such  ex p erim en ts  o r o b s e r ­
va tions a re  m ade th a t cannot be fitted  into the ex isting  th e o re tic a l
®^Ibid., p. 247.
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frem ew o rk , then  the  p a r tic u la r  sc ien ce  is  le ft w ithout a  c o m p re ­
hensive th eo ry . Sooner o r la te r  m o re  g e n e ra l th e o rie s  w ill be o ffe red  
which w ill, once m o re , put a ll  the  o b serv ed  and e x p e r im e n ta lly - 
d e riv ed  fa c ts  in to  a  co n s is te n t concep tual whole. The c ru c ia l  point, 
how ever, i s  th a t the  th e o ry  m u st a t a ll  t im e s  be at the  m e rc y  of ob ­
se rv e d  fa c ts . It m ust, in  p rin c ip le , be re fu tab le  th rough  the e m ­
p ir ic a l  te s t  of i ts  th e o re m s . The c ru c ia l  fa c to r  is  not the  in te rn a l 
lo g ica l co n sis ten cy , the  r ig o r  and e legance  of the  ax iom atic  t r e a t ­
m ent, though th e se  a re  d e s ira b le  fe a tu re s , and in  the case  of in te rn a l 
lo g ica l co n sis ten cy , i t  is  a  n e c e s s a ry  condition . The c ru c ia l  e lem en t 
in  th e o r ie s  of an e m p ir ic a l  sc ien ce  is  i t s  p e rp e tu a lly  in sep a ra b le  r e -  
la tio n s  w ith  fa c ts . A th e o ry  is  "vo ted  in "  by fa c ts  and a sing le  n eg a ­
tiv e  "vo te" can  "vote it out" a s  a  th e o ry . A th e o ry  is  f itted  to  fac ts  
not v ice  v e r s a .
If the  four ty p es  of o rd e r  d iscu ssed  above a re  exam ined  
c lo se ly , i t  w ill be seen  th a t the  g en eric  fe a tu re  of a l l  fou r of th em  is  
the  a s s e r t io n  of som e kind of in v a ria b le  re la tio n  betw een v a rio u s  
k inds of e lem en ts . It i s  th is  in v a rian ce  w hich se e m s  to  be s ig n ifican t 
both th e o re tic a lly  and p ra c tic a lly .
The i l  g ives som e s im p le  and in te re s tin g  exam ples in  
re la tio n  to  the ro le  of in v a rian ce  to  th eo ry , and com es to  the  co n ­
c lu sion  th a t " a  th eo ry  alw ays am ounts to  the  a ssu m p tio n  th a t so m e ­
thing re m a in s  c o n sta n t, " He is  dealing  w ith v e ry  e lem en ta ry  th e o ­
r ie s ,  but h is  o b se rv a tio n  is  capab le  of g e n e ra liz a tio n  if
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The d iscovery  of in v a rian t re la tio n s  among v a rio u s  sp ec ies  
of p lan ts  and an im als  has been  of u tm ost sign ificance  in  biology.
Some h is to r ic a l a sp ec ts  of th is  p rob lem  w ere  d iscu ssed  in  the la s t 
ch ap te r. In  co n tra s t to biology, fa ilu re  to d iscover a b a s is  of c la s s i ­
fica tio n  which would put psycholog ica l phenom ena in  som e fram e  of 
in v a rian t re la tio n s  with re s p e c t to one ano ther, has p reven ted  p sy ­
chology fro m  becom ing a  sc ien ce , notw ithstanding the m any c la im s  
of the p sychoanalysis  school to the  c o n tra ry . It w as seen  th a t the 
ru d im en ta ry  in v a rian ces  exh ib ited  in  the  o rig in a l b io log ica l c la s s i ­
f ic a to ry  sch em es, e sp ec ia lly  th a t of L innaeus, w ere  e sse n tia l to  the  
developm ent of biology on th e o re tic a l  f ro n ts .
In econom ics the  notion of in v a rian ce  roo ted  in  the d irec tly  
o b serv ed  (o r observab le) fa c ts  has not a ttra c te d  m uch in te re s t  un til 
re c en tly . The in te rn a l logic of the  p a r tia l  equ ilib rium  analy sis , 
popu larized  by M arsh a ll, ten d s  to  d ire c t  the  eco n o m ists ' a tten tion  
tow ard  the highly unstab le  p ric e -q u a n tity  re la tio n s  in  the m a rk e t 
r a th e r  than  the m o re  stab le  p a tte rn s  of re s o u rc e s , technology, and 
consum er ta s te s .  T h is  p ro p osition  w ill be exam ined in  de ta il in  
sec tio n  6  of th is  ch ap te r. It is  convenient to  approach  the is su e  in ­
d ire c tly  and at the sam e tim e  tak ing  in to  account som e p a ra lle l
a p p ro p ria te ly  m odified. See H enri The il. Applied Econom ic F o r e ­
cas tin g , A m sterd am : N orth  Holland Pub lish ing  C o ., 1966, p. 2.
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developm ents in the econom ic sc ien ce .
H is to rica lly , i t  w as reco g n ized  as e a r ly  as the 1770's by 
Adam  Sm ith th a t the com ponent p a r ts  of the econom ic sy stem  continu­
ally  resp o n d ed  to changes tha t occu r in  o ther p a rts  in such  a way that 
the o rig in a l im p e tu s  w ill c ea se  to  c a ll fo r fu r th e r  change. (The 
"inv isib le  hand. ") F o r  exam ple, the baker re a c ts  to  an in c re a se  in 
the p rice  of b re a d --w h ic h  m ay be due to in c re a se d  dem and--by  p ro ­
ducing m o re  b read , com ing to a new equ ilib riu m  quantity  and p rice  
w hich w ill ru le  as  long as  a ll  p a r ts  of the econom ic sy stem  exactly  
p re s e rv e  th e ir  p re se n t s ta te s .  M uch e lab o ra tio n  has been in troduced  
in to  th is  g e n e ra l p ro p osition  since  Sm ith, though the p roposition  r e ­
m a in s  fundam entally  the sam e. The analogy w ith a com puting 
m achine i s  sug g estiv e :
The econom y m ay be env isioned  as  a  giant com puter tha t 
con tinually  so lv es  a sy s te m  of equations - - th e se  equations having been 
dev ised  in  such a way tha t they  would re f le c t the fundam ental p ro p e r ­
tie s  of the econom ic sy s te m  and re la te  the b a sic  v a r ia b le s  of the 
sy s tem  to one an o ther. The com puting prob lem  aside, the th e o ry  of 
g e n e ra l eq u ilib riu m  developed by L eon W alras  was p re c ise ly  such a 
sy stem  of equations.
A sketch  of W a lra s 's  sy s te m  w ill be p re sen ted  in  o rd e r  to
1 8 0
give sp ecific  substance to the argum ents that follow.
E ssen tia lly  W alras conceived of the econom ic system  as the 
agglom eration of a large number of m arkets, each m arket being 
characterized  by a pair of rela tion s--su p p ly  and demand equations 
for the rnarkel specified . In m athem atical term s:
(3 .11) q ,. = Z d p + F (i = 1. 2, . . . , n)
3=1 IJ J CU
where n denotes the number of m arkets (or com m odities), q , thedi
amount of i-th  com m odity demanded, d_ the "structural param ­
eters" which specify the function, p^  price of the j-th  commodity, 
and F the "non-economic" factors (such as ta ste s  of consum ers)di ----------
that are treated as given in  the m odel. For example consider  
f ^2 = 3p^ - . 3pg + 8. Here the quantity demanded of th is commodity 
depends on two prices p  ^ and p  ^ and the lev e l of demand for the 
commodity is  given by a "shift param eter" whose value is  fixed at 8 
in this exam ple. This shift param eter could account for the effects  
of ta ste s, exports or im ports of the commodity, e tc . Thus if  con­
sum ers' preferences change in favor of this commodity so that at the 
sam e p rices consum ers want m ore of it, the value of the shift
The fo rm u la tio n  of W a lra s 's  sy stem  p re sen ted  h e re  c lo se ly  
follow s th a t g iven by Shiou-Shuang Yan, In troduction  to  Input-O utput 
E conom ics, New Y ork: Holt, R in eh art, and W inston, 1969, pp. 
30-35.
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p a ra m e te r  sh a ll be h ig h e r, say , 1 2  r a th e r  than 8 .





"^si j = l ^  ^ s i
(i = 1 , 2 , . . . , n)
p =
" P l "
P2 ^d 2 % 2




(i, j, = 1 , 2 , . . . , n)
T hen (3 .11) and (3 .12) can be w ritte n  in  v e c to r and m a trix  
fo rm  as follow s:
(3 .14)
(3 .15)
qd = Dp + J?d
q = Sp + F  ^s ^ s
The eq u ilib riu m  in  the sy s tem  is  a tta in ed  when quantity  supplied  and 
dem anded a re  equal i n  e v e ry  one of the n m a rk e ts  sp ec ified . That 
i s ,  w hen
(3.16)
o r in  v e c to r  fo rm
^di ^si
(i = 1, 2, . . . , n)
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( 3 . 17 )  q_j =
F ro m  (3. 14), (3. 15), and (3. 17) one can w rite
(3 .18) Dp + = Sp + Fg
(3. 19) (D - S)p = Fg - F^
_ 1
P rem u ltip ly  both s id es  of (3. 19) by the in v e rse  m a trix  (D - S) 
to  get
(3 .20) p = (D - S)"^ (Fg - F^)
S ubstitu te  fro m  (3. 20) in to  (3, 14) to  get
(3 .21) = D(D - S)“  ^ (F^ - F^) + F^
E x p re s s io n s  (3 .20) and (3 .21) give the v a rio u s  p r ic e s  and
q u an titie s  in  te rm s  of the  " s t ru c tu ra l  m a tr ix "  m a tr ic e s  D and S, and
" fa c to rs"  F  and F  ,. A c lo s e r  exam ination  of the n a tu re  of the s tru c -  s  d
tu ra l  m a tr ic e s  and the  " fa c to rs"  a re ,  th e re fo re , a p p ro p ria te .
F i r s t ,  no tice th a t d . . and s . . a re  the p a ra m e te rs  th a t, when
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n u m erica lly  e s tim a te d , give a  quan tita tive  e x p re ss io n  to  the  v a rio u s  
dem and and supply  re la tio n s  in  the sy s te m . T h e  quan tita tive  d e te r ­
m ination  of, say , would m e a su re  the am ount of change in  quan­
ti ty  dem anded of p roduct 3 when the  p ric e  of p roduct 7 changes by one
un it. In  a n o n lin ea r fo rm u la tio n  of the m odel d . . would not
13
n e c e s sa r ily  be a  p a ra m e te r ; i t  m ay designa te  a v a ria b le , m ay
be p o sitiv e , z e ro , o r  negative , depending on the n a tu re  of the in te r ­
re la tio n sh ip  betw een the two p ro d u c ts . B ecause  d_ and s _  give 
the sp ec ifica tio n  of the mode of in te rre la tio n sh ip s  am ong the va rio u s  
p ro d u c ts - - th a t i s ,  they  show how tlie ind iv idual p a r ts  a re  tied  to ­
g e th e r to constitu te  a w h o le --th ey  a re  ca lled  " s tru c tu ra l  p a ra m e te rs . " 
The in v arian ce  of th ese  s tru c tu ra l  p a ra m e te rs  is  a point th a t m ust be 
exam ined c lo se ly . H ow ever, an overview  of the W alras ian  system  as 
a whole is  un d ertak en  f i r s t .
Second, co n sis t e s se n tia lly  of psycholog ical and socio ­
lo g ica l e lem en ts  th a t e n te r  the d e te rm in a tio n  of c o n su m e rs ' ta s te s . 
T hese  a re  co n sid ered  to be "ou tside"  the m odel. T h e ir  value is  
a ssum ed  to  be independent of the v a ria b le  v e c to rs  and of the 
m odel. M ore w ill be sa id  of the in v a rian ce  assum ptions w ith re sp ec t 
to  th e se  fa c to rs  la te r .
F in a lly , F^ re p re se n ts  "non-econom ic" fa c to rs  of technology 
and of n a tu ra l re s o u rc e s . M ore about th ese  la te r .
It i s ,  th e re fo re , seen  th a t the W alras ian  sy stem , assum ing  a 
given s tru c tu re  in  the  econom ic sy stem , u ltim a te ly  d e riv e s  the unknown 
v a lues of p r ic e s  and quan tities  of v a rio u s  com m odities fro m  the funda- 
m en ta l data of technology, re s o u rc e s , and c o m su m ers ' ta s te s .  This 
re a liz a tio n  to g e th er w ith a d ire c t recogn ition  of in terdependence  of 
com ponent p a r ts  of an  econom ic sy stem  w ere  the two g re a t m e r its  of
the W alra s ian  sy stem . The f i r s t  showed tha t behind the su rface  of 
m a rk e t o pera tions lie the m ore  fundam ental e lem en ts  of n a tu ra l, 
techno log ica l, and socio -p sy ch o lo g ica l c h a ra c te r . I t w as shown tha t 
the im m ed ia te ly  p e rce iv ed  re la tio n s  r e s t  on fa c to rs  th a t a re , in  a 
se n se , in d ire c t and m o re  rem o te .
The second im p o rtan t con tribu tion  of W alras  w as to  give 
exp lic it recogn ition  (and a fo rm u la tion  ) to  the notion of s tru c tu re  in  
an econom ic sy stem .
A th ird  a sp ec t of th is  m odel m ay be m entioned; nam ely , i ts  
im p lica tio n s  in  te rm s  of c la s s if ic a to ry  taxonom ic w ork  in  econom ics.
I t showed th a t fo r the p u rpose  of quan tita tive  d e te rm in a tio n  of econom ic 
q u an titie s  i t  i s  n e c e s sa ry  to  p re s e rv e  in  the m odel ex p lic itly , avoiding 
agg regation , and averag ing  w hich b rin g  about a  su p e rfic ia l s im p lic ity  
a t the expense of quan tita tive  in d e te rm in an cy . But the c la s s if ic a to ry  
im p lica tio n s  of the W alra s ia n  sy stem  w ere  of little  o p era tio n a l s ig n ifi­
cance . S pecifically , the s tru c tu ra l  p a ra m e te rs  of the sy stem  could 
not be o b serv ed  and m e a su re d  d ire c tly  and the in te rre la tio n sh ip  of the 
c la s s if ie d  ite m s  (com m odities) w e re  e x p re ssed  not d ire c tly  but through 
the in te rm e d ia cy  of the  supply and dem and re la tio n sh ip s .
So long as the m odel is  u sed  only as a  th e o re tic a l c u rio s ity  and 
no a ttem pt is  m ade to w ards the co n stru c tio n  of a n u m erica l analogue 
fo r  i t ,  i t  m a tte rs  l ittle  w hether i ts  p a ra m e te rs  a re  d ire c tly  observab le  
o r  not, o r w h e th er they  a re  re la tiv e ly  s tab le  o r not. In fac t, W alras
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and h is  fo llow er P a re to  thought of th e ir  g e n e ra l eq u ilib riu m  schem e 
as a p u re ly  th e o re tic a l setup  and thought th a t i ts  e m p ir ic a l sp ec if ic a ­
tion, even if  p o ssib le , would re s u lt  in  a  sy stem  of equations whose 
solution would be beyond a ll  com puting ab ility . They did not fo re see  
the com puting revo lu tion  th a t would o ccu r in  the th ird  q u a r te r  of the 
tw entieth  cen tu ry l
T hus, v ir tu a lly  no a tten tion  w as paid to  the  notion of s tru c tu ra l  
in v a ria n ce , a p ro p e rty  w hich m u st be expected  to  som e lim it on a 
p r io r i  grounds if  the e m p ir ic a l im p lem en ta tio n  of the m odel i s  p e r ­
ceived. T h is i s  so  becau se  the d e te rm in a tio n  of such a s tru c tu re  is  
of no value u n less  i t  i s  expected  to  re m a in  re la tiv e ly  unchanged as 
som e o th e r com ponents of the  m odel change. A h ighly  v o la tile  s t r u c ­
tu re  i s  of no use  fo r  e m p ir ic a l p red ic tio n . P re d ic tio n  alw ays invo lves
68som e e lem en t th a t s tay s  co nstan t. The notion of in v a rian ce  is  
e s s e n tia l to  p red ic tio n  ju s t a s  ab ility  to  p re d ic t i s  the e s s e n tia l 
c h a ra c te r is t ic  of an e m p ir ic a l th eo ry . T h e re fo re , the build ing of 
e m p ir ic a lly  s ig n ifican t th e o r ie s  invo lves a sy s te m a tic  s e a rc h  fo r
69v a rio u s  types of in v a ria n t re la tio n s  am ong the v a ria b le s  of in te re s t .
It w ill be seen  th a t L e o n tie f  s m odel is  b u ilt around  such in v a ria n t
g o
See footnote 6 6 .
69T hat in v a rian ce  is  a  re la tiv e  not an absolu te  concept should 
becom e ev iden t in  the con tex t a s  the d iscu ss io n  p ro c e ed s . An a b s tra c t  
an a ly s is  of the notion of in v a rian ce  can e a s ily  deg en era te  in to  a b a r re n
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s tru c tu re s  th a t can be n u m e ric a lly  sp ec ified  by d ire c t o b serv atio n .
A p a ra lle l  developm ent in  econom ics o c cu rred  in  a  d iffe ren t 
d irec tio n : th a t of p a r t ia l  eq u ilib riu m  an a ly s is . H ere  an iso la te d  
s e c to r  of the econom y, say  a sing le  in d u s try  o r even a f irm , co n s ti­
tu te s  the ob ject of a n a ly s is . T h is app ro ach  heav ily  lean s  on the 
"sim plif^nng" c e te r is  p a rib u s  a ssu m p tio n , acco rd ing  to w hich the 
e x te rn a l se ttin g  of the u n it u n d e r a n a ly s is  in  i ts  re la tio n sh ip s  to  the 
r e s t  of the econom y a re  c o n s id e re d  as given.
The M a rsh a llia n  p a r t ia l  eq u ilib riu m  an a ly s is  ex p lic itly  ab­
s t r a c ts  fro m  the  fe a tu re  of in te rd ep en d en ce  am ong econom ic quan titie s  
and, b ecau se  of th is , does aw ay w ith the notion of " s t ru c tu re "  a lto ­
g e th e r . Y et the  p roponen ts of p a r t ia l  eq u ilib riu m  an a ly s is  continue to  
r e f e r  to  the  econom y a s  a sy s te m  though a  sy stem  is  definable only by 
v ir tu e  of i ts  com ponent p a r ts  o r  s tru c tu re . R eference  to  a sy s tem
70w ithout specify ing  a s tru c tu re  fo r  i t  i s  re fe re n c e  to  no sy s tem  at a ll.
I t m ay  be c la im ed  th a t the  p a r t ia l  eq u ilib riu m  approach  is  a 
p ra g m a tic , ta c t ic a l  m e a su re  tow ard  the  s tra te g ic  goal of n u m e ric a l 
sp ec ifica tio n  of the e n tire  W a lra s ia n  sy stem  by tak ing  the supply  and
e x e rc is e  in  fo rm a l log ic .
70W e b s te r 's  New W orld  D ic tionary  defines the w ord  "sy s te m "  
a s  follows! ’*a se t o r  a rra n g em en t of th ings so  re la te d  o r  connected 
a s  to  fo rm  a un ity  o r  o rg an ic  w hole. " "S tru c tu re "  is  defined a s  "the 
a rra n g em en t o r  in te r re la t io n  of a ll the p a r ts  of a whole; m an n er o r 
o rg an iza tio n  co n stru c tio n . "
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dem and re la tio n s  one by  one. But "w hile w aiting  fo r  the accum ulation  
of the hundreds of e m p ir ic a l  m a rk e t b eh av io r equations which u lti­
m a te ly  would be com bined to  fo rm  a com plete  W a lra s ia n  sy s te m , one
expected  to  be able to  u se  the s e p a ra te  equations as they  becam e av a il-
71able fo r  the so lu tions of p a r tia l equ ilib rium  p ro b le m s. "
The c h a ra c te r is t ic  com m on to both the M arsh a llia n  p a r tia l ,  
and the W alras ian  g e n e ra l, eq u ilib riu m  sy s te m s  is  th e ir  p reoccupation  
w ith  the supply  and dem and re la tio n s  in  a d ire c t  w ay. An exp lanation  
given  in  te rm s  of the m a rk e t supply  and dem and functions w ere  ex ­
pected  to  be s im p le r - -b e c a u s e  they  a re  m o re  im m e d ia te -- th a n  th a t 
w hich would have re q u ire d  delving in to  the  d eep e r la y e r s  of te ch ­
nology, ta s te s ,  and re s o u rc e s .
"A s ob jects of e m p ir ic a l an a ly s is  the  m a rk e t supply and
72dem and functions p ro v ed  to be s in g u la rly  e lu s iv e . " T hese re la tio n s  
cannot be o bserved  d ire c tly . A ll th a t i s  o b serv ab le  is  a  p a ir  of p r ic e -  
quan tity  v a lu es . The m ethods of in d ire c t  s ta t is t ic a l  in fe re n c e --w ith  
a  few notable ex cep tio n s--h av e  fa iled  to  sp ec ify  th e se  functions. The 
p rin c ip le  d ifficu lty  is  due to  the vo la tile  n a tu re  of the  o b served  p r ic e -  
quan tity  re la tio n sh ip s . L eo n tie f advances an a rg u m en t th a t such
71W. L eontief, "input-O utpu t A n alysis  and G en era l E qu i­
lib r iu m  T heory , " in  B arn a , p. 43.
^^Ibid.
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in s ta b ility  is  in h e ren t in  the in te rn a l logic of the g e n e ra l eq u ilib rium  
78
its e lf .
Thus n e ith e r the p a r tia l ,  n o r the g en e ra l, eq u ilib rium  th e o rie s  
w ere  able to  d ire c t e m p ir ic a l w ork  tow ards the d isco v e ry  of e m p ir i­
ca lly  in v a rian t re la tio n s  in  the econom ic sy stem .
The claim  often m ade, in  m ethodological c r i t ic is m s  of eco ­
n om ics, tha t econom ists  as a whole have w anted quick re s u lts  and have 
re fu sed  to  "d ir ty  th e ir  hands" w ith fac ts  is  un tenab le. A review  of the 
m a ss iv e  w orks of the H is to r ic a l School in  E urope and W esley  M itchell 
in  the U nited S tates should give an im p re ss io n  of the scope o r  e m p ir ic a l 
w ork  in  econom ics. P ro fe s s o r  L eon tief no tes th a t " to  M itchell, to  h is 
p u p ils , and to  h is  s u c c e s s o rs ,  th is  coun try  owes the la rg e -s c a le  dev 
developm ent of d e sc rip tiv e  econom ic s ta t is t ic s ,  w ithout which not only 
m odern  econom ics but m any of the m odern  econom ic in s titu tio n s  could 
not p o ssib ly  e x is t. "
Both W esley  M itchell and H is to r ic ism  re p re se n te d  the an ti- 
th e o re tic a l tre n d  am ong som e eco nom ists . T his a n ti- th e o re tic a l sen ti­
m ent w as in  tim e p roven  to  be ju s tif ied . T h is had to  do w ith the 
em ergence  and developm ent of eco n o m etrics .
A ttem pts a t deriv a tio n  of a  " s ta tis t ic a l  dem and cu rve"  w ere
^^Ibid.
74m ade as  e a r ly  a s  1917 by H. M oore, T h is w as followed by m any
s im ila r  s tu d ie s .
The "u n so p h istica ted "  phase of eco nom etric  w ork  aim ed  a t an
in d ire c t  d e te rm in a tio n  of the s tru c tu ra l  p a ra m e te rs  of the sy stem
tlix'ough s ta t is t ic a l  an a ly s is  of the beh av io r of i ts  v a ria b le s , reach ed
i ts  high point in  the w orks of H enry  Schultz, P au l D ouglas, and Jan  
75T inbergan .
It w as c h a ra c te r iz e d  by  r a th e r  c a re fu l co llec tion  and o rg an i­
zation  of p r im a ry  s ta t is t ic a l  m a te r ia l  and use  of " le a s t sq u are"  curve 
fitting  tech n iques in  ca lcu la tio n  of the ac tu a l p a ra m e te rs .  A fte r f i t­
ting  a  cu rv e  to  the data i t  w as no s im p le  m a tte r  to  decide w hether i t  
re p re se n te d  the supply  o r the dem and curve  fo r  the sp ec ified  com ­
m odity  o r  p e rh ap s  som e w eighted av erag e  of the two (the p rob lem  of 
iden tifica tio n ).
" It w as only n a tu ra l to  m ake the  c ru d ity  of the  s ta t is t ic a l  
p ro c e d u re  u sed  re sp o n sib le  fo r  such  disappoin ting  substan tive  re s u l ts .  
F a r  fro m  being sa tis f ie d  w ith the sim p le  adaptation  of re c e n t ad­
vances in  m a th em atica l s ta t is t ic s ,  the new eco nom etric  school m ade 
a num b er of o rig in a l con tribu tions to  the th e o ry  of s to ch as tic  sy s te m s
74H enry  M oore, F o re c a s tin g  the Y ield and P r ic e  of Cotton, 
New Y ork; 1917, a s  quoted in  L eontief, E ssa y s  . . . , p. 37.
75The following rev iew  of developm ent in  eco n o m etrics  
c lo se ly  follow s th a t given by P ro fe s s o r  L eon tief in  h is  E ssa y s  . . . 
pp. 37-38.
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„76and the m ethodology of in d ire c t  s ta t is t ic a l  in fe re n c e . Among
th ese  w as the developm ent of the th e o ry  of id en tifica tio n .
But the positive  con tribu tions w hich th ese  advanced s ta t is t ic a l  
and m a th em atica l m ethods w ere  able to  m ake tow ard  ac tu a l e m p ir ic a l 
d e te rm in a tio n  of the spec ific  quan tita tive  p ro p e r tie s  of the  observed  
econom ic sy stem  proved  to  be quite lim ited , h a rd ly  g r e a te r  than  that 
m ade by the p rim itiv e  m ethods u sed  by stud ied  belonging to  the 
"u n so p h istica ted  phase"  of the econom etric  m ovem ent.
A ccord ing  to  P ro fe s s o r  L eontief the exp lanation  of th is  d is ­
appointing re s u lt  l ie s  in  the fac t th a t fo r  a study  of a s e t  of quan tita tive  
in te rre la tio n sh ip s  "as  com plex as those  underly ing  a m o d ern  econom y 
in d ire c t s ta t is t ic a l  in fe re n c e , how ever re fin ed  m ethodolog ically , 
s im p ly  w ill not do. S ta tis tic a l re lia b ility  m e a s u re s , i f  p ro p e rly  
applied  to  even  the m o st favo rab le  s itu a tio n --s o  f a r  as p r im a ry  in ­
fo rm atio n  is  co n ce rn e d --y ie ld  confidence lim its  so  fa r  a p a r t a s  to
negate the e m p ir ic a l u se fu ln ess  of the n u m e ric a l p a ra m e te rs  
77obtained. "
The above s ta tem e n ts  should not im p a r t the im p re ss io n  tha t 
th is  au tho r d iscoun ts  the im m e su ra b le  co n trib u tio n s  of e co n o m e trics  
to  the advancem ent of econom ic sc ien ce . In  p a r t ic u la r ,  the
^^ Ib id . , p. 37.
77I b id . , p. 38.
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co n trib u tio n s  of e co n o m e tric s  in  the p re c is e  fo rm u la tio n  of many- 
econom ic concep ts , which w ere  at f i r s t  am biguous and had to  be p re ­
c is e ly  defined  b efo re  they  w ere  q u an tita tiv e ly  sp ec ified , i s  of u tm o st 
s ig n ifican ce . T h is au th o r b e liev es , how ever, th a t to g e th e r w ith the 
advancem ent of the m ethod of e co n o m e trics  i t  i s  n e c e s sa ry  to  re o r ie n t 
econom ic th eo ry  in tlie d ire c tio n  of e m p ir ic a l  v e rif ic a tio n . T hat is ,  
the econom ic th e o r is t  m u st be asked  to  m ee t the eco n o m etric ian  h a lf 
w ay. T h e o rie s  m u st be re q u ire d  to com plete  in  the sen se  th a t not only 
the re la tio n s  betw een v a ria b le s  but a lso  v a r ia b le s  th e m se lv e s  be de­
fined in  sp ec ific  te rm s . F o r  exam ple in s te a d  of "m oney" one should 
in d ica te  dem and deposits  p lu s c u rre n c y  and coin  o r w h a tev er defin ition  
the th e o r is ts  had  in  m ind. F u r th e r , the th e o r is ts  should c o n sid e r the 
o b se rv a b ility  and, th e re fo re , the e m p ir ic a l m e a su ra b ility  of the 
re la tio n s  he fo rm u la te s .
Thus i t  becam e eviden t th a t the m a rk e t re la tio n s  of supply and 
dem and, in  sp ite  of th e i r  im m ed iacy , could not a ssu m e  a foca l position  
in  e m p ir ic a l  econom ics b ecau se  (1 ) them ethod  of in d ire c t  in fe ren ce  
could not, in  g e n e ra l, e m p ir ic a lly  d e riv e  the shape of th e se  functions, 
and (2 ) even  i f  th is  could be achieved , the re su ltin g  in fo rm atio n  
would be of l i t t le  value b ecause  of the in h e re n t in s ta b ility  of the 
m a rk e t supply  and dem and re la tio n s .
I t seem ed  n a tu ra l, th e re fo re , to  b y p ass  the m a rk e t and 
app ro ach  the s tru c tu re  of the econom y d ire c tly  a t the ro o t, dealing
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with re s o u rc e s , technology, and ta s te  w ithout going through the in te r ­
m ed iacy  of the m a rk e t.
T h is d ire c t  app roach  developed in  two d ire c tio n s  independently : 
(1) Input-ou tpu t a n a ly s is , w ith i t s  roo t in  c la s s ic a l  e co n o m ic s -- th e  
tab leau  économ ique of Q uesnay. (2) The l in e a r  p ro g ram m in g  school 
developed b a s ic a lly  by K antorovich  in R u ss ia  and D antzig in  the United 
S ta tes .
Both th e se  ap p ro ach es  m ade the techno log ica l s tru c tu re  of the 
productive unit u n d er a n a ly s is  the focal point of e m p ir ic a l w ork.
L in ea r p ro g ram m in g  h as  a lre ad y  been in tro d u ced  and inpu t-ou tpu t 
an a ly s is  w ill be exp lo red  ex ten siv e ly  in  the follow ing c h a p te rs .
Suffice i t  to  say  tha t both sy s te m s  a sp ire  to w ard s  a c la s s if ic a to ry  
schem e w hich would be b a se d , a s  fa r  as  p o ss ib le , on the notion of 
p ro c e ss  (o r ac tiv ity ), w ith p ro c e s s  being an en tity  w hich is  com ­
p le te ly  sp ec ified  by i t s  inpu ts and outputs. L in e a r  p ro g ram m in g  has 
followed th is  app roach  in  p ra c tic e . T his is  p o ssib le  becau se  the te c h ­
nique h a s , up un til re c e n tly , been  applied  m o s tly  to  such  productive  
units as  an e s ta b lish m e n t, a f irm , o r even  d ep a rtm en ts  w ith in  th e se  
u n its . T h e re fo re , the  n u m b er of p ro c e sse s  involved h a s  been 
m anageab le  re la tiv e  to  the ex is tin g  com puting c a p a c itie s .
In the case  of in p u t-ou tpu t an a ly s is , how ever, the  econom y 
as a whole h a s  u su a lly  been  the object of an a ly s is . In o rd e r  to 
reduce  the m odel to a m anageable  s iz e , i t  h as  been  n e c e s s a ry  to  do
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a co n sid erab le  amount of aggregation . N or h as  the lim ita tio n  of the 
ex isting  com puting fac ilitie s  been the only fac to r n ecess ita tin g  such 
aggregation . The developm ent of input-output has up to  now re lie d  
e s se n tia lly  on the s ta t is tic a l m a te r ia l a lre ad y  availab le . Yet much 
new in fo rm ation  is  needed in  o rd e r  to  b e tte r  approxim ate  the th eo ­
re t ic a l  req u ire m e n ts  of the input-output m odel. T hese p ro b lem s w ill 
be in v estig a ted  in g re a t de ta il in  the ensuing c h ap te rs . H ere , a gen­
e r a l  in troduction  w ill be p resen ted  in  o rd e r  to  elucidate  the n a tu re  of 
p ro b lem s involved.
The em ergence  of the  notion of ac tiv ity  (or p ro cess) in  such 
independently  developed a re a s  a s  l in e a r  p rog ram m ing , input-output 
a n a ly s is , gam e th eo ry , and the von Neum ann m odel is  by no m eans 
an acc iden tal event. R ather it is  the w ell-defined  c h a ra c te r , quanti- 
fiab ility , and re la t iv e -s ta b il i ty -o v e r- t im e , of the en tity  defined as  a 
"p ro c e ss"  tha t has m ade it such a fundam ental concept in  so m any 
d is tin c t a re a s  of e m p ir ic a l econom ics. Note tha t the ex istence  of 
technolog ica l p ro g re s s  in  no way co n trad ic ts  the s tab ility  r e f e r r e d  to 
h e re . F ir s t ly ,  a g re a t m any p ro c e sse s  a re  rep ea ted  y e a r a f te r  y ea r . 
M any o th e rs  a re  m odified from  one period  to next. New ones a re  
in tro d u ced  and som e old ones a re  abandoned. H ow ever, as  m en­
tioned  e lsew h ere  in  the study, m any m odifications of the old p ro c e s ­
s e s  o r in troduction  of new ones a re  ac tu a lly  put to  w ork  som etim es 
a f te r  they  have been invented. T h is is  so b ecause  i t  takes tim e  to
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study a ll the v a rio u s  a sp e c ts -- te ch n o lo g ic a l, m a rk e t, e t c , , - - o f  the 
u tiliza tio n  of the new p ro c e sse s : obsoletion of o ld e r equ ipm ents, 
re tra in in g  of la b o r, the co st of " learn in g "  to  o p era te  with the new 
p ro c e ss  p re se n t, th ese  a re  som e of the fe a tu re s  tha t cause  a lag b e ­
tween the invention and ac tua l use of a p ro c e ss . T hus, changes in the 
se t of p ro c e sse s  th a t constitu te  the technology of an econom y a re , in 
p rin c ip le , p red ic tab le .
So fundam ental is  the concept th a t i t  o v e rs tep s  the in s titu tio n a l 
boundaries  of such d iffe ren t econom ic sy s te m s  as  those  of the Soviet 
Union and the U nited S ta tes .
A p ro c e ss  i s ,  indeed , an e lem en ta ry  o rd e r  in  the sen se  d is ­
cu ssed  in  the e a r ly  p a r t  of th is  ch ap te r. I t is  s im ila r  to  a thing in  the 
sen se  th a t i t  c o n stitu te s  a constan t conjunction of a se t of p ro p e r tie s . 
In  fac t a  p ro c e ss  is  defined m uch m o re  r ig o ro u s ly  a s  an e m p ir ic a l 
en tity  than a "th ing. " The p ro p e rtie s  th a t ap p ear in  an in v a ria n t 
a sso c ia tio n  to g e th e r in  a p ro c e ss  a re  nothing but the se t of quantity- 
specific  com m odities th a t com plete ly  spec ify  the p ro c e s s . Thus a 
p ro c e ss  is  defined in  te rm s  of exact quan tities  of (qualitatively) d is ­
tin c t goods as  inpu ts  and a s  opposed to  the concept of "thing" tha t 
r e f e r s  to  an in v a rian t conjunction of p ro p e r tie s  w ithout n e c e s sa r ily  
ex p re ss in g  quan tita tive  sp ec ifica tio n s  among the  p ro p e r tie s  involved.
It i t  is  tru e , as  Cohen ho ld s , th a t the  recogn ition  of the 
"e lem e n ta ry  o rd e r"  em bodied in  "th ings" is  an e s s e n tia l  s tep  tow ard
the recogn ition  of m ore  com plex " o rd e rs "  such as cau sa l o rd e r  o r 
o rd e r  e x p re sse d  in  com prehensive  th e o rie s , then  i t  m ust be tru e  tha t 
a fu ll recogn ition  of the concept of " p ro c e ss"  as defined above, is  a 
p re re q u is ite  fo r m ore  involved th e o rie s  about the p a r ts  o r  the whole 
of an econom ic sy stem . U nfortunately , the notion has not been  
a ss im ila te d  in to  econom ic l i te ra tu re  a s  one m ight have expected  
e a r ly  a f te r  its  in troduction  by von N eum ann, D antzig, and o th e rs .
One p o ssib le  re a so n  fo r th is  is  the trem endous m om entum  th a t e co ­
nom ic th e o ry  h a s  gained over the y e a r s .  As a se lf-feed in g  w orld  of
thought, im p re s se d  w ith i ts  m onum ental lo g ica l skeleton  and
78"ae s th e tic  c h a rm s ,"  econom ic th e o ry  h as  l i t t le  use  fo r concep ts 
evolving in  such " rem o te ly  re la te d "  (? )  fie ld s  as  O perations 
R esea rch , in d u s tr ia l eng ineering , e tc . F u r th e r , ex isting  econom ic 
th e o ry  is  c h a ra c te r iz e d  by i ts  ag g reg a tiv e , ty p ic a lis t ic , and non-
79lin e a r  fe a tu re s . (These w ill be d iscu ssed  in  the following sec tio n . )
All th re e  of th ese  fe a tu re s  a re  fundam entally  in  opposition to  the con­
cep t of p ro c e ss , fo r , as i t  h a s  been  seen  in  s e v e ra l  d ifferen t co n tex ts , 
the notion of p ro c e ss  is  the e lem en ta ry  build ing block of h ighly  d is ­
agg regated  m odels of lin e a r  s t ru c tu re s .  As to  the  ty p ica lism  of
78See Robinson, p. 3.
79On the ro le  of n o n -lin ea rity  see  sec tio n s  2. A and 3,
C hap ter  V.
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econom ic th eo ry , the concept of p ro c e ss  is  a "popu la tion ist, " as 
opposed to  ty p ic a lis t ic , one^^ (borrow ing th is  te rm  fro m  biology), 
tha t i s ,  i t  i s  e m p ir ic a lly  a rr iv e d  a t by d ire c t m e asu rem en t fro m  the 
"population" (in the s ta t is t ic a l  sense  of the w ord) i ts e lf .  It i s  not a 
m e asu re  of ty p ica lity . T h is a rg u m en t w ill be c le a r  when in  the 
following sec tio n  the m eaning of ty p ica lism  in  econom ic th eo ry  is  
sp elled  out.
7. Some P h ilo so p h ica l B a r r ie r s  in  E conom ic Science 
In  the p reced in g  c h ap te r i t  w as pointed out th a t b iology had to  
r id  i t s e l f  of som e ph ilosophical conceptions (and adopt new ones) be­
fo re  it could em erg e  as  an  e m p ir ic a l sc ien ce . In p a r t ic u la r ,  
" p e r fo rm ism , "" typo log ica l th inking, " and " red u c tio n ism "  c o n sti­
tu ted  th re e  d is tin c t ph ilosophical o rien ta tio n s  th a t con tinually  tended  
to  push the sc ience  in to  n a rro w  channels of p reconce ived  notions 
a lien  to  the  q ua lita tive  d iffe ren tia tio n  ac tu a lly  o b serv ed . The p ro b ­
lem  w as e s s e n tia l ly  th a t of a ttem p ting  to su p erim p o se  e x tra -  
e m p ir ic a l notions upon the observ ed  re a lity .
Some such ten d en c ies  can be de tec ted  in  econom ics. H ere , 
i t  m an ife s ts  i ts e lf  in  the e x tra -e m p ir ic a l  tre n d s  of " th e o re tic a l 
ty p ic a lism ,"  " th e o re tic a l ag g reg a tio n ism , " and m ethodolog ical 
id e a lism . The la t te r  i s  stud ied  in  a s e p a ra te  sec tio n  un d er the t it le
^^See sec tio n  2. D. i .  C h ap ter II.
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of "cu lt of id ea lity . " The fo rm e r  two w ill be studied  h e re .
T h e o re tic a l ty p ica lism  is  the  an a ly tica l o ffsp ring  of m ethod­
o log ical id e a lism . The M arsh a llia n  " re p re se n ta tiv e "  (o r " ty p ica l" ) 
f irm  is  the b e s t exem plifica tion  of th e o re tic a l ty p ica lism  in  eco ­
n om ics, Tt d iffe rs  from  e m p ir ic a l ty p ica lism  in tha t the la t te r  alw ays 
r e f e r s  to  a w e ll-d e fin ed  s ta t is t ic a l  m e asu re  of c e n tra l  tendency , w ith 
e x p lic it re fe re n c e  to  a s ta t is t ic a l  population som e of w hose c h a r a c te r ­
i s t ic s  a re  known. F o r  exam ple , the  m ode of a p o p u la tio n --th e  m ost 
freq u en tly  o c cu rrin g  event in  i t —is  u su a lly  u sed  as  a m e a su re  of 
" ty p ic a ln e ss . " O ther u su a l m e a s u re s  a re  m ean  and m ed ian . How­
e v e r , in  the  absence of o th e r sp ec ifica tio n s  w ith re g a rd  to  a  g iven 
population  i t  is  im p o ssib le  to decide w hich of th ese  th re e  m e a su re s  
can  b e s t be re g a rd ed  a s  a  " re p re se n ta tiv e "  event in  th e  population. 
Knowledge of v a r ia b ility  in  the population is  an in d isp en sab le  in fo rm ­
a tion  fo r such a decision . Indeed, it  m ay  be the  case  th a t none of 
th e se  m e a s u re s  can m eaningfu lly  re p re se n t the  population . T h is  w ill 
be the case  when v a r ia b il i ty  in  the  population is  la rg e . T h e re fo re , 
the notion of " ty p ic a l,"  which a p p ea rs  to  be quite c le a r  to  "com m on 
se n se , " b ecom es one th a t m ay  be m ean in g less  u n d er c e r ta in  c irc u m ­
s tan c e s  o r  one th a t can m ean  any of th re e  d is tin c t s ta t is t ic a l  m e a ­
s u re s  of c e n tra l tendency , un d er c e r ta in  o th e r c irc u m sta n c e s . The 
no tation  i s  f a r  fro m  being o p e ra tio n a lly  r ig o ro u s : th e re  i s  no one- 
to-one co rre sp o n d en ce  betw een i t  and som e e m p ir ic a l m e a su re .
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The notion of "type" in  an a ly tica l w ork  h a s , so to  speak, "a 
h ig h e r pow er of vagueness" than th a t involved in  s ta t is t ic a l  (or 
e m p iric a l)  ty p ica lism . T his is  so fo r s e v e ra l reaso n s;
F i r s t ,  s ta t is t ic a l  populations, in  so fa r  a s  the notion of "type" 
is  co n cern ed , co n sis t of o c cu rren c e s  of even ts which a re  nothing but 
m e asu re m e n t of a specific  qua lita tive  c h a ra c te r is t ic  of an em p irica l 
population. Thus m easu rem en t of height of m ale studen ts in  a given 
u n iv e rs ity  re s u lts  in  a s ta t is t ic a l  population. T h e re fo re , the 
"population" can  be re p re se n te d  along a one-d im ensional ex tension  
th a t is  g radua ted  (or quantified) accord ing  to  the m easu rem en ts  m ade 
o r  expec ted . The c h a ra c te r is t ic  u n d er study  is  w ell-defined  and 
obtainable by d ire c t o b servation  and m easu rem en t (or counting).
T h e o re tic a l ty p es, how ever, u su a lly  involve se v e ra l e le ­
m e n ta ry  no tions few of w hich, i f  any, a re  w e ll-d e fin ed  em p irica lly .
In the case  of the M arsh a llian  ty p ica l f irm , fo r exam ple, the notions 
of p r ic e , output, m a rg in a l co st, and averag e  co st e n te r  as e lem en ­
ta r y  concep ts . Some of th ese  concepts w ill be exam ined:
If the f irm  is  " typ ical"  of the in d u s try , i t  follow s tha t i t  has 
a  ty p ica l m a rg in a l co st, typ ica l average  c o st, ty p ica l m a rk e t de­
m and, and a ty p ica l output. E very th ing  th a t w as sa id  above about 
the notion of " ty p ica ln ess"  in  s ta t is t ic s  i s  a lso  tru e  w ith re g a rd  to 
th e se  " ty p ica l"  analy tic  c o n s tru c ts . But th e re  a re , of co u rse .
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additional p rob lem s h e re . T ake, fo r in s tan ce , the s im p le s t o n e-- 
" ty p ica l output. "
W hat is  the ty p ica l output of a f irm : Is  i t  the p rin c ip a l output 
the f irm  m a rk e ts?  Is  it  an index of s e v e ra l p ro d u c ts?  How should 
an in s is te n t e m p ir ic is t  go about m easu rin g  the ty p ica l output of a 
firm ?
If the p rin c ip a l output is  t re a te d  as the ty p ica l one then the
o th e r (sev e ra l)  outputs of the f irm  m u st be assigned  to  those  f irm s
w hose p rin c ip a l outputs c o n s is t of these  com m odities . But th is  would
im p ly  a c la ss if ic a tio n  on com m odity  b a s is  not on de ci s i on-unit b a s is
(which, fo r  convenience, w ill be ca lled  functional b a s is  in  th is  study).
Since the purpose  of the an a ly tica l c o n s tru c t, "the ty p ica l f irm , " is
to  show the  outcom e of decision  of e n tre p re n e u rs  as  a d e te rm in an t of
output, i t  follows th a t "output" m u st r e f e r  not to  a p a r t - - th e  p rin c ip a l
81output- - of the f irm  but to  the whole output.
I t  m ay  be suggested  th a t the f irm  w ill op tim ize i ts  decision  
w ith re s p e c t to  each  d is tin c t output i t  p ro d u ces. T hat i s ,  the f irm  
w ill produce th a t output of each com m odity  in  i ts  p roduct line th a t
81Even the m uch le s s  aggregative  un it, e s tab lish m en t, does 
not e lim in a te  the p rob lem  of lack  of hom ogeneity  of output, fo r m any 
e s ta b lish m e n ts  produce s e v e ra l  d iffe ren t p roducts and o ccasionally  
change fro m  one " p r im a ry  p roduct"  to  an o th er. See " in tro d u c t, " 
C ensus of M anufac tu res, 1964.
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would equate the p rice  of th a t p roduct to  i ts  m arg in a l co st. In 
sym bols w here and MC^ a re  the p ric e  and m arg in a l co st of
P . = MC. (i = 1, 2, . . . , n)
p roduct i and n is  the num ber of p ro d u c ts  th a t the f irm  p ro d u ces.
T h is line  of reaso n in g  p re su p p o ses  the p o ss ib ility  of sep a ­
ra tin g  the v a rio u s  cost i te m s  and c lass ify in g  them  acco rd ing  to  the 
type of p roduct. In a m u lti-p ro d u c t, in te g ra te d  o rgan iza tion , how­
e v e r , such a c la ss if ic a tio n  becom es an a lm o s t im p o ssib le  e m p ir ic a l 
ta sk . The m ain  p rob lem  is  th a t of jo in t c o s ts - - th e  type of co s ts  th a t 
a re  s im u ltan eo u sly  involved in  the p roduction , accum ulation , o r  
w arehousing  of two o r m o re  p ro d u c ts . The p rob lem  of a llocating  
such jo in t co s ts  to  the v a rio u s  p ro d u c ts  involved is  often a  v e ry  d iffi-
82cu lt ta sk  and m ay  involve p u re ly  a r b i t r a r y  o r  ru le -o f-th u m b  m ethods.
The ex ten t to  which the o c cu rren c e  of such jo in t co s ts  in te r ­
fe re n c e s  w ith a  m eaningful c la s s if ic a tio n  of c o s ts - -o n e  th a t involves
8  3m u tua lly  exclusive  and co llec tiv e ly  exhaustive  c la s s e s  - -c a n n o t be 
se ttle d  on a p r io r i  g rounds. Only an e m p ir ic a l in v estiga tion  of the
82 See Elwood S. Buff a. O p era tio n s  M anagem ent: P ro b lem s 
and M odels, 2nd ed. ; New York; John W iley and Sons, In c . ,  1968, 
p. 23.
83The w ord "dichotom y" is  u sed  to  m ean  "d iv ision  in to  two 
p a r ts .  " In logic i t  m eans d iv ision  of a  c la s s  in to  two opposed sub­
c la s s e s ,  as re a l  and u n re a l. I t w ill be u sed  in  th is  study  in  both 
se n se s  depending on the context in  w hich i t  ap p ea rs .
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p ro b lem  can provide a final an sw er to  i t .  H ow ever, it  m ay  be said  
th a t a s  the m u lti-p ro d u c t, in te g ra te d  f irm  becom es m o re  p rev a len t 
as  a b a sic  p roductive  o rgan iza tion  in  the econom y the im p o rtan ce  of 
jo in t c o s ts  re la tiv e  to  to ta l co sts  in c re a s e s  and to  th a t ex ten t the 
op tim ization  ru le  = MC. becom es le s s  d e te rm in a te  e m p iric a lly .
I t m ay  be sa id  th a t, ra th e r  than  tre a tin g  the p roduct "b a sk e t” 
of the f irm  as co n sis tin g  of a num ber of q u a lita tiv e ly  d iffe ren t p ro ­
ducts w ith d iffe ren t p r ic e s ,  it  is  p o ssib le  to  c o n s tru c t an index of 
output and p r ic e , th e re b y  reducing  the op tim ization  p rob lem  to  th a t 
of P  = MC w here  P  and MC a re  indexes of p ric e  and m arg in a l 
co st, re sp ec tiv e ly . But th is  is  not accep tab le  because  of a ll the 
fa m ilia r  index n u m b er p ro b lem s, too w ell-know n to be rep ea ted  h e re . 
F u r th e r ,  the in d ex -n u m b er approach  would b e tra y  the "p re c is io n "  
of the "ad ju stm en t a t the m arg in "  which is  im p lied  by the m arg in a l 
an a ly s is . I t is  p a rad o x ica l th a t econom ic th eo ry  in s is ts  on m a r ­
g in a lism  ju s t as  the  econom ic e m p ir ic ism  em p h asizes  indec con­
s tru c tio n . T his paradox  i s  p e rhaps the m o st outstanding  m a n ife s ­
ta tio n  of the  u t te r  se p a ra tio n  of econom ics in to  two independent 
fie ld s  of inqu iry : th e o re tic a l and e m p ir ic a l. T h is paradox  g ives a 
sp ec ific  in s tan ce  of w hat w ill be ca lled  "the fundam ental dichotom y 
in  econom ics. " T h is  dichotom y r e fe r s  to  the co m p artm en ta liza tio n  
of th e o re tic a l and e m p ir ic a l w orks in to  two se p a ra te -- th o u g h  
m ethodo log ically  in s e p a ra b le - - s p h e re s  of in v estig a tio n . T h a t th e se
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two sp h e re s  a re  in sep a ra b le  in  e m p ir ic a l sc ien ces  w as the m ain  
them e of the  p reced ing  ch ap te r . T hat the two a re  a c tu a lly  se p a ra te d  
in  econom ics is  an undeniable s ta tm en t th a t can  be su b stan tia ted  by 
even a m o st c asu a l su rv ey  of the  sc ien ce . R eferen ces  to  th is  point 
w ill be found th roughout th is  study . T hat d isag g reg a tio n  of th e o re t­
ic a l  concep ts and c la s s if ic a tio n  of e m p ir ic a l fa c ts  a re  the unavoidable 
links betw een th e se  two sp h e re s  of econom ic in q u iry , c o n stitu te s  a 
c e n tra l  them e of th is  study. T hat th e o re tic a l d isag g reg a tio n  of con­
cep ts  and e m p ir ic a l c la s s if ic a tio n  of fa c ts  cannot p ro ceed  indepen­
den tly  and m u s t in te ra c t  co n stan tly , i s  a  m a jo r finding of th is  study. 
But th is  is  lead ing  aw ay fro m  the sp ec ific  questions posed in  th is  
sec tio n .
R etu rn ing  to  the  notion of " ty p ica l f irm , " i t  w as seen  tha t 
the " e le m e n ta ry  concep ts"  of p r ic e , output, and m a rg in a l co st a re  
not f re e  fro m  am bigu ity  in  the case  of a spec ific  f irm . D is tingu ish ­
ing  betw een the v a rio u s  p ro d u c ts  of the f irm  would sh ift the p ro b lem  
"backw ard" to  the  co st s id e , posing  the d ifficu lties  of a llocating  
jo in t c o s ts . On the o th e r hand ign o rin g  the d is tin c tio n  betw een the 
v a rio u s  p ro d u c ts  th rough the co n stru c tio n  of indexes of output, p r ic e , 
and co st would b e tra y  the v e ry  logic of m a rg in a lism . Thus the 
f irm , th is  fundam ental unit of M arsh a llia n  an a ly s is  is  devoid of 
e m p ir ic a l s ig n ifican ce . T h ere  a re  o th e r ang les fo r  looking a t th is  
p ro b lem . In a s e p a ra te  sec tio n  i t  w ill be seen  th a t the choice of a
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firm  as  an e le m e n ta ry  unit of an a ly s is  is  the outcom e of a much
m o re  fundam ental tendency in  the econom ic sc ience: reduction  of
econom ics to  prax io logy  a la M arsh a ll, von M ises , R obins, and 
84o th e rs .
Even if  the  e lem en ta ry  concepts th a t a re  involved in  the 
notion of ty p ica l firm  w ere  not p ro b lem atic  in  the sen se  of being 
e m p ir ic a lly  vague and m ethodolig ically  in e ffic ien t, the p u re ly  
s ta t is t ic a l  p ro b lem s of re p re se n tin g  an in d u s try  by a ty p ica l f irm
84Such h a s ty  conclusions a re  ju s tified  only on the assum ption  
th a t the r e a d e r  i s  fa m ilia r  w ith the is su e s  a t hand. O therw ise , a 
leng thy  d iscu ss io n  and docum entation would push th is  study  beyond 
i t s  p red es ig n a ted  lim its  and change i ts  n a tu re  as  w e ll. Few com ­
m en ts  a s  to  the d irec tio n  of fu tu re  w ork m ay  be ap p ro p ria te ; This 
w r i te r  is  convinced th a t the v a rio u s  developm ents during  the p ast 
th re e  decad es  in  econom ics have p re p a red  the ground fo r  an a ll-o u t 
a tta ck  on M arsh a llia n ism  and a ll i t s  ram ifica tio n s . The s tra teg ic  
lin e s  of such  a  p lan a re  not d ifficu lt to  dep ict. The ba ttle  would have 
to  be fought on fou r d is tin c t but in te r re la te d  fro n ts  : (1) G enera l 
eq u ilib riu m  would re p la ce  p a r tia l  re u ilib r iu m , p e rh ap s com plete ly  
e lim in a tin g  the m ic ro -m a c ro  dichotom y along the lin es  suggested  by 
L eon tie f, von N eum ann, e tc . (2) D ecision m aking and p rax io log ica l 
th e o re m s  would be put in  th e ir  p ro p e r  re la tio n  to  the econom ic 
sc ie n c e , ru lin g  out the  tendencies  of reducing  the sc ience  to  p ra x i­
ology. (3) T h e o re tic a l ag g reg a tio n ism  a  la  K eynes, Kahn, e t c . , 
would be red u ced  to a m in im al lev e l, opening room  fo r  m odels of 
th e o re tic a lly  d isag g reg a ted  c h a ra c te r . (4) E co n o m etric s  would be 
re o r ie n te d  fro m  its  em p h asis  of in d ire c t observ a tio n  and in fe re n c e -- 
the  e m p ir ic a l  co u n te rp a rt of agg regation ism  in  the fo rm u la tio n  of the 
th e o re tic a l  m o d e ls - - to  th a t of d ire c t  observation  ag ainst the back­
ground of a th e o re tic a lly  d isag g rega ted  m odel, w ith in d irec t in fe r­
ence playing a su p p lem en ta ry  ro le .
A ll fo u r of the above lin e s  of in q u iry  should be em bedded in 
a  g e n e ra l ph ilosoph ical fram e  w ith full co n sid e ra tio n s  given to 
m e tap h y sica l, ep istom olog ica l, and log ica l a sp ec ts  of the econom ic 
sc ie n c e . M uch of the d iscu ssio n s  about the m ethodological p ro b ­
le m s  of econom ics seem  to  be lim ited  to the sp h ere  of log ic . T his
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would invalida te  the approach beyond a ll u se fu ln ess .
The notion of type in  s ta t is t ic s  involved a reaso n ab ly  
sy m m e tric a l d is trib u tio n  with s ig n ifican t con cen tra tio n  of the e le ­
m en ts of the population around som e m e asu re  of c e n tra l tendency 
which is  used a s  a "m e asu re  of ty p ica ln ess . " How m any in d u s tr ie s  
in  the United S tates econom y a re  c h a ra c te r iz e d  by such a d is t r i ­
bution of f irm s^ ^  around the " ty p ica l f irm " ?  Though th is  question  
can be se ttled  only through e m p ir ic a l r e s e a rc h , it  can be sa id  tha t 
m any in d u s tr ie s  a re  like ly  to  have a la rg e  num ber of sm all s ize  
u n its , w ith few in te rm ed ia te  and few er la rg e  s ize  u n its . If th is  
w e re  the c a se --a n d  th e re  is  no re a so n  to  re je c t  th is  in  favor of the 
M arsh a llian  assum ption  a p r io r i—it  follow s th a t the d is trib u tio n  of 
f irm s , fa r  fro m  being sy m m e tr ic a l, is  of a  hyperbo lic  fo rm , le av ­
ing no room  fo r  in fe ren ces  th a t involve the notion of " typ ica l. "
cannot p o ssib ly  be suffic ien t fo r  the p u rpose  a t hand. The p re sen t 
study  is  a m in ia tu re , em bryonic  fo rm  of such an am bitious plan. 
Such a com prehensive  reex am in a tio n  of a  sc ien ce  is  no ch ild 's  
p lay , no ta sk  of few m onths o r even  few y e a r s .  I t dem ands a life ­
tim e  of dedicated  sch o la rsh ip .
^^It should be pointed out th a t finding a c h a ra c te r is t ic  tha t 
would be u sed  as a com m on denom inator of com p ariso n  is  no e a sy  
m a tte r . M arsh a ll conceives of h is  th e o re tic a l in d u s try  as co n sis ­
ting  of so m any firm s  of equal s ize  w ith s im ila r  co st s tru c tu re s . 
Any a ttem pt to  tra n s la te  th is  a b s tra c t  in d u s try  in to  an e m p iric a l 
en tity  would only re v e a l the ep h em era l and e lu sive  n a tu re  of the 
ab s trac tio n  involved.
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Thus not only the notion of " ty p ica l f irm "  but a lso  the v e ry  concept 
of " in d u stry "  in  the M arsh a llian  sense  is  open to  se r io u s  questions.
All the above am bigu ities  and s ta t is t ic a l  d ifficu lties  lead  to 
the low ering of analy tic  effic iency  in  econom ics to  the lev e l of 
pu re ly  qualita tive  r e s u lts ,  a t b e s t ind icating  only d irec tio n  of 
change in  som e m agnitudes (with no spec ifica tion  of the ex tent of 
change involved), and at w o rs t giving q u a lita tiv e ly  in d e te rm in a te  
re su lts ;  quantita tive  in d e te rm in acy  alw ays being p re se n t. I t m ay 
be sa id , th e re fo re , tha t one analy tic  outcom e of th e o re tic a l ty p ica l­
ism  as a m ethodological approach  is  quan tita tive  in d e te rm in acy .
But th e re  a re  o th e r a sp ec ts  of the p rev a ilin g  m ethodology 
in  econom ics th a t lead  to  quan tita tive  in d e te rm in acy  a lso . Theo­
re tic a l  ag g reg atio n ism  is  one such fa c to r.
T h e o re tic a l ag g reg a tio n ism  is  a tendency tow ard  fo rm u ­
la ting  econom ic p ro b lem s in  te rm s  of few b ro ad  ag g reg a te s . I t is  
p re sen t on both m ic ro  and m a c ro  le v e ls . The im p lied  o v e ra ll
production  function fo r the M arsh a llian  f irm , the o v e ra ll p roduc-
8 6tion function fo r the "K eynesian" g e n e ra l eq u ilib riu m  m o d e ls , 
the o v e ra ll K eynesian consum ption function, and in  fac t ev ery  
fundam ental "schedu le"  in  m a cro , and m any of those in  m ic ro ­
an a ly s is , a re  exam ples of th is  tendency  in  econom ics.
86 See sec tion  3, C h ap te r  V.
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In c a se  of c e r ta in  ag g reg a te  such as  the consum ption function 
a c e r ta in  d eg ree  of s tab ility  is  m an ifested  in  sp ite  of the v o la tile  na tu re  
of m any of i t s  com ponents. The im p o rtan ce  of s ta b ility  of econom ic 
re la tio n s  has  a lre ad y  been stud ied  in th is  ch ap te r in  the sec tio n s  on 
in v a ria n ce . The s ta t is t ic a l  sp ec ifica tio n  of the consum ption function 
is  undoubtedly a v e ry  u sefu l and im p o rtan t undertak ing  in  econom ics. 
But what is  an even m ore  u sefu l and im p o rtan t ta sk  is  a m u lti­
d im en sio n al d isag g reg a tio n  of the function along such lin es  (d im ensions) 
as  the type of p roduct consum ed, c la s s  of co n su m e rs , and reg ion  
(location) of c o n su m e rs . I t is  v e ry  lik e ly  th a t changes in  the s h o r t- ru n  
b eh av io r of the consum ption function can be understood  through a de­
ta ile d  know ledge of the degree  of v o la tility  (or s tab ility ) as  w ell as  a 
knowledge of tre n d s  in the com ponents.
In the case  of m any o th e r a g g reg a te s  of m acro eco n o m ics  the 
lo n g -ru n  s ta b ility  p re se n t in  the consum ption  function is  absen t. H ere 
the ag g reg a te s  re f le c t the in te ra c tio n  of so m any v a r ie tie s  of fa c to rs  
th a t it  is  im p o ssib le  to  have a m eaningfu l s ta t is t ic a l  e s tim atio n  of the 
re la tio n sh ip s  involved. The K eynesian  "m a rg in a l effic iency  of cap ita l"  
i s  such a schedu le . So is  the  " liq u id ity  p re fe re n c e "  schedule and 
m any  o th e rs . The b a s ic  p ro b lem  involved in  th e o re tic a l ag g regation ­
ism  is  w ell a r tic u la te d  by L eo n tie f who w rite s ;
[the ag g reg a tiv e  approach] alw ays le ad s  u s fro m  the 
n e a r ly  u n lim ited  d iv e rs ity  of the im m ed ia te ly  observed  
w orld  in to  the s im p lified  re a lm  of agg regative  m agn itides
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which can be d e sc rib e d  and analyzed  w ith g re a te r  ease  
since the n u m b er of d is tin c t v a r ia b le s  in  i t  is  re la tiv e ly  
sm a ll. The w ay lead ing  from  one in to  the o th e r w orld  
is ,  how ever, a one-w ay  ro u te . We cannot p a ss  from  the 
aggregative  concept to the econom ic phenom ena as they  
have been d ire c tly  ob serv ed  any m ore  than we can tu rn  
an om ele tte  in to  the whole eggs from  which i t  h as  been 
m ade. T his is  why the econom ic an a ly s is  in  i ts  m ost 
ag g reg a tiv e , but b ecau se  of th a t a lso  m o st sy stem a tic  
and e a s ily  m anageab le , fo rm  c a r r ie s  w ith i t  a  fa in t but 
unm istakab le  a i r  of u n rea lity .
A ggregation n e c e s s ita te s  the su p p re ss io n  of q ua lita tive  d iffe r­
ences . F o r  exam ple, a  s e r ie s  th a t in d ica tes  the p ro d u c tiv ity  of the 
tra n sp o rta tio n  in d u s try  in c re a s e d  400 p e r  cen t fro m  1865 to  1965 ig ­
n o re s  the d iffe ren ces  betw een h o rse -d ra w n  c a r r ia g e , the ra ilro a d  of 
1865, the c a r  and the a irp lan e  of 1965. W ithin the fram ew o rk  of a 
reaso n ab ly  d isag g reg a ted  an a ly tica l schem e a co m p ariso n  of the to ta l 
num ber of tra n sp o r ta tio n  v eh ic le s  produced in  the y e a rs  1865 and 1965 
m akes l it t le  sen se . N e ith e r is  such a  com p ariso n  re q u ire d  fo r an ex ­
planation  of the developm enta l p ro c e ss  extended over the long perio d
88of tim e  co m p ris in g  both th ese  y e a r s .
Econom ic e m p ir ic ism  beg ins w ith the v a s t q ua lita tive  d iffe ren ­
tia tio n  th a t is  im m ed ia te ly  o b serv ed  in  re a lity . F o r  econom ic th eo ry  
to  com e c lo se r  to  the e m p ir ic a lly  observed  w orld  i t  i s  n e c e s sa ry  to  
open room  fo r  m o re  q u a lita tiv e  d iffe ren ces  in  the fo rm u la tion  of the
8 7Leontief, E s s a y s  . . . , pp. 18-19.
88 T his exam ple is  due to  Leontief, E s s a y s  . . . , pp. 18-19.
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th e o re tic a l  m odels . L eo n tie f n o tes that:
The u n re a lity  of the aggregative  approach  can be r e ­
duced only through the u se  of le s s  aggregative  m odels . An 
an a ly tica l sy stem  w hich p e rm its  us to  d istingu ish  h o rse -  
c a r r ia g e s  from  c a r s  and c a r s  from  a irp la n es  can  obviously 
m ain ta in  a c lo se r , le s s  equivocal re la tio n sh ip  to  the ob­
se rv ed  fac ts  than  a sy stem  th a t leav es  no room  fo r such 
qu a lita tive  d is tin c tio n s . ^
In the absence  of m o re  th e o re tic a lly  d isag g reg a ted  m odels the 
econom ic e m p ir ic is ts ,  faced  w ith the p rob lem  of "in troducing  som e 
o rd e r"  in to  the v a s t am ounts of fa c ts  they  c o lle c t, p roceed  to  develop 
th e ir  own "m ethods of a n a ly s is . " L eontief w rite s  in  th is  connection 
that:
. . . f a r  fro m  seek ing  to  e s ta b lish  a c lo se --n o t to 
say  in t im a te - - C O - o p era tio n  w ith the th e o r is t ,  m any of the 
e m p ir ic a lly  m inded in v e s tig a to rs  cam e to  co n sid e r d ire c t 
o b se rv a tio n  as a  s e p a ra te , se lf-su ffic ie n t approach  to the 
exp lanation  of the functioning of the econom ic sy stem  
ra th e r  than  the n e c e s s a ry  d e sc rip tiv e  com plem ent of i ts  
th e o re tic a l a n a ly s is .
The e m p ir ic a l school developed even a kind of 
quan tita tive  d e sc rip tiv e  technique a ll i t s  own. Its  
p rin c ip a l o r  r a th e r  only to o ls  a re  averag ing  and a g g re ­
gation . . . . W hile the th e o r is t  d isco v e rs  o r, should 
I say  in tro d u ces  o rd e r  in to  the com plex m u ltip lic ity  of 
m e asu ra b le  econom ic phenom ena by reducing  i t  to a sy stem  
of equations, the ra d ic a l  e m p ir ic is t s im p lifie s  the quan ti­
ta tiv e  p ic tu re  by  d e sc rib in g  i t  in  te rm s  of few b ro ad  a g g re ­
g a te s  and a v e ra g e s . A de ta iled  tabu la tion  of the am ounts 
of a ll the m any k inds of goods and s e rv ic e s  consum ed in  
the c o u rse  of a  g iven  y e a r  by  households o r invested  in  
a ll  the v a rio u s  in d u s tr ie s .  . . i s  rep laced , fo r exam ple, 
by  one single  f ig u re  iden tified  as  the annual Net N ational 
Incom e.
^ ^ Ib id . ,p .  19.
^*^Ibid., p. 39.
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H ere , then , is  an o th er side of the "fundam ental dichotom y" 
re fe r re d  to  above. T h is  tim e the dichotom y m an ife sts  i t s e l f  in  the 
appearance  of e m p ir ic a l m ethods and th e o re tic a l m ethods independent 
of one ano ther. A ggregation ism  is  seen  to  be p rev a len t not only on the 
th e o re tic a l side but a lso  in the sp h ere  of e m p iric a l w orks as  w ell.
Thus the m ethodolog ical sym ptom  so fa r  re fe r re d  to  as  " th e o re tic a l 
ag g regation ism " m ay  be m odified as  " th e o re tic o -e m p ir ic a l ag g reg a­
tio n ism . " Yet the ad jec tive  " th e o re tic o -e m p ir ic a l"  should not in  any 
w ay im ply  any dependence betw een the  two types of ag g regation  in ­
volved. I t w as seen  above th a t the two developed independently  by 
sep a ra te  in v e s tig a to rs . In fac t ag g reg atio n ism  as an approach  is  the 
cause  as  w ell as the re s u lt  of the "fundam ental dichotom y" in  eco ­
nom ics. Only neg lec t of the im m ense  v a r ie ty  in  the o bserved  w orld  
can lead  to  the h ighly  agg regative  fo rm u la tions of econom ic th eo ry .
On the o ther hand only contem pt fo r th e o ry  induces the econom ic 
e m p ir ic is t  to  lim it i ts  conceptual co n stru c ts  to  s im p le  (or w eighted) 
aggregations o r av e rag es .
The an a ly tica l outcom e of th e o re tic a l ag g reg a tio n ism  is  
quan tita tive  in d e te rm in acy  of econom ic q uan tities  and re la tio n sh ip s , 
ju s t as the an a ly tica l outcom e of e m p ir ic a l ag g rég a tio n ism  is  lack  of 
any an a ly sis  on the one hand and supporesion  of a ll de tains em bodied 
in  fac ts  (o r qua lita tive  in d e te rm in acy ), on the o th er hand.
Thus " th e o re tic a l tv n ica lism . " " th e o re tic o -e m n ir ic a l
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agg reg a tio n ism , " and ra d ic a l e m p ir ic ism  a re  som e of the ph ilo ­
soph ica l footholds tha t m u st be abandoned if  econom ics is  to m ake 
p ro g re s s  as an e m p ir ic a l sc ien ce . T hese  tendenc ies can be shown to  
reduce  to  m etaphysica l, e x tra -s c ie n tif ic  notions e ith e r  through  the 
path of ra tio n a lism  to  ph ilosophical id e a lism  a la  H egel and B erk e ley , 
o r  to  m echan istic  m a te r ia lism  a  la  D em ocritu s and c e r ta in  e x tre m is t  
s e c ts  w ithin the school of B ritish  e m p ir ic ism . T his ph ilosophical line  
of g en era liza tio n  shall not be followed fu r th e r  h e re  due to  scope con­
s id e ra tio n s .
8 . On P rax io lo g ica l S ubjectiv ism  in  Econom ics 
Lange defines the econom ic p rin c ip le  o r the p rin c ip le  of eco ­
nom ic ra tio n a lity  as  a "g en e ra l p rin c ip le  of p ro ced u re  when the ends
91and m eans of a c tiv ity  a re  quantified . " T his p rin c ip le  a s s e r t s  th a t 
the m axim um  d eg ree  of re a liz a tio n  of the end is  achieved by p ro c e ed ­
ing in  such a way th a t e ith e r  fo r  a given outlay  of m eans the m axim um
92degree  of re a liz a tio n  of the end the ou tlay  of the m eans i s  m in im al.
Econom ic ra t io n a li ty - - th a t i s ,  econom ic ac tiv ity  acco rd ing  to
Lange, p. 167.
92Lange m odifies the above definition: "S tr ic tly  speaking , the 
fu ll quantification  of the end of ac tiv ity  is  not n e c e s sa ry  fo r  the ap p li­
cation  of the econom ic p rin c ip le . I t i s  su ffic ien t if  the d eg rees  of 
re a liz a tio n  of the end fo rm  an o rd e re d  s e t  so tha t i t  is  po ssib le  to  say  
w h e th er the end is  achieved  in  a  g re a te r  o r  le s s e r  d eg ree . " Ibid.
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ru le s  of re a so n --e v o lv e d  h is to r ic a lly , rep lac in g  econom ic tra d itio n - 
a lity . It becam d a dom inant fe a tu re  in  those so c ie tie s  w here  com ­
m odity  p roduction  and com m odity -m oney-com m odity  c ircu la tio n  
developed in to  the m ain  veh icle  of econom ic ac tiv ity . In  the n a tu ra l 
(or tra d itio n a l)  econom y production  and d is trib u tio n  a re  devoted to the 
d ire c t s a tis fa c tio n  of n eed s , the  s tim u li de term in in g  the a im s  of eco ­
nom ic a c tiv ity  being co n cre te  n e e d s . The m u ltip lic ity  of co n cre te  
needs (e .g . food, c lo th ing , s h e lte r , and w eapons) im p lie s  c o r r e s ­
pondingly d iv e rse  a im s of econom ic ac tiv ity . The needs (and th e re fo re  
the a im s) in  a n a tu ra l econom y ex is ted  and changed w ithin  a  d e te r ­
m ina te  s e t  of conditions of hum an so c ia l life , which is  ca lled  the cu l­
tu re  of the given so cie ty . T rad itio n  played a m a jo r ro le  in  the  sp ec ifi-
93cation  of th e se  needs; hence , the e x p re ss io n  " tra d itio n a l econom y. " 
The r i s e  of m a rk e t econom y lead s  to  the  condition w hereby  
m oney incom e beco m es an econom ic n e c e s s ity , the key end--o n e  
w hose re a liz a tio n  is  a p reco n d itio n  fo r the re a liz a tio n  of a ll  o th e r a im s . 
H ence, need s  (and th e re fo re  a im s) a re  no m o re  of a co n c re te  c h a ra c te r  
but th ey  re so lv e  in to  the sing le  objective of acqu iring  com m odity  in 
g e n e ra l- - g e n e ra l p u rch asin g  pow er. T h is tended to underm ine  the 
tra d itio n a l s e t of a im s of the n a tu ra l econom y.
93F o r  a thorough d iscu ss io n  of the concept of n a tu ra l o r
trad it io n a l  ac tiv ity  see  I b i d . , pp. 150-153.
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In  a way th is  m ean t a  s im p lifica tio n  of econom ic ac tiv ity  fo r
the m u ltip lic ity  of a im s — c h a ra c te r is t ic  of the n a tu ra l eco n o m y --w as
re p la ce d  by the s in g u la rity  of a im s . As Lange puts i t  th is  am ounted
94to  "an  in teg ra tio n  of m eans by  a com m on end. " He w rite s  that:
In n a tu ra l econom y th e re  a re  a g re a t v a r ie ty  of 
p a ra lle l  ends and an equally  g re a t  v a r ie ty  of m eans; som e 
m eans a re  sp ec if ic a lly  applied to  p a r tic u la r  ends ( e . g . , 
b re a d  fo r food), o th e rs  m ay  se rv e  v a rio u s  ends (e. g . , 
wood fo r build ing h o u ses , m aking c a r ts ,  building b rid g e s , 
o r  fo r  fuel). T h is  com plicated  sy s tem  of ends and m eans 
i s  e stab lish ed  by tra d itio n  and becom es the object of 
tra d itio n a l and c u s to m a ry  econom ic ac tiv ity . On the 
o th e r hand, the  fac t th a t in  gainful ac tiv ity  th e re  is  only 
one end, th a t th is  end i s  unconditionally  n e c e s s a ry  and 
th a t a ll m eans a re  subord ina ted  to  th is  one end, s im p li­
fie s  ac tiv ity , m aking i t  e a sy  to  analyze .
W ith the developm ent of the  m a rk e t econom y and the em erg en ce  
of u n ifo rm  u n its  of m e a su re m e n t- -m o n e ta ry  u n i t s - - i t  becam e p o ssib le  
to  quantify  ends and m ean s . The quan tita tive  m e a su ra b ility  and com - 
m e n su rab ility  of the ends and m ean s--w h ich  lead  to  the em erg en ce  of 
the c a te g o ry  of p ro f it- -m a d e  a  com plete  ra tio n a liz a tio n  of the a c tiv itie s  
of a  p roductive  e n te rp r is e  p o ss ib le . T h is  w as a g ian t s tr id e  in  the 
developm ent of hum an co n tro l o v er n a tu re . The triu m p h  of the  p r in ­
cip le  of econom ic ra tio n a lity  w as a consequence of the developm ent of 
com m odity  p roduction  w hich in  tu rn  follow ed side by  side w ith the p ro ­
c e s s  of so c ia l d i\d sion  of la b o r. H ow ever, once econom ic ra tio n a lity
94I b id . ,  p. 157.
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reach ed  a c e r ta in  stage  of developm ent it ceased  to  be a m e re  co n se ­
quence of the p ro c e ss  of d iv ision  of lab o r. Indeed, i t  evolved in to  the 
position  of a p recond itioned  fo r fu r th e r  p ro g re s s  in  d iv ision  of lab o r 
and techno log ica l developm ent in  g e n e ra l. T h is i s  ano ther in s tan ce  of 
feedback (n r loop) in n a tu re : the  conclusion  is  tra n s fo rm e d  in to  a 
p re m ise  and v ice v e rs a ; the logic of n a tu re , and in  th is  c a se , of 
evolution in  n a tu re , follows i ts  own law s which m ay  be at v a rian ce  
w ith  the law s of logic of hum an m ind. No w onder th a t pure logic can­
not re v e a l the law s of n a tu re ; sc ien ce  te s ts  i ts  th e o r ie s  against fa c ts .
A lthough c la s s ic a l  e co n o m ists  w ere  aw are  of the sign ificance 
of the econom ic p rin c ip le  they  did not id en tify  the sc ience  of p o litica l
econom y w ith the app lication  of the p rincip le . Sm ith conceived of the
96scien ce  a s  the  study  of "w ealth  of na tions"  and R icardo  w as con­
ce rn ed  w ith the  " law s which reg u la te  the d is trib u tio n "  of the to ta l p ro -
97duct am ong the v a rio u s  so c ia l c la s s e s . G radually  m ore  recogn ition  
w as given to  the  p rin c ip le  of econom ic ra tio n a lity . The developm ent 
of u til i ta tia n ism  opened the w ay fo r  g en era liz in g  the econom ic p rin c ip le  
to  inc lude , in  addition to  gain fu l a c tiv itie s  m e asu ra b le  in  te rm s  of 
m oney in co m e , sub jec tive  sa tis fa c tio n . The sub jec tive  tren d  in  eco ­
nom ics b e s t  exem plified  by the w orks of the A u stra lian  School put the
96Jo sep h  A. S chum peter, H is to ry  of Econom ic A nalysis , New 
Y ork; O xford U n iv e rs ity  P r e s s ,  1961, pp. 185-194.
97
I b i d . , p. 568.
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m ark e t and co n su m er ac tiv ity  a t the v e ry  h e a r t  of econom ic an a ly s is ,
98leaving the production side e sse n tia lly  out of the p ic tu re . The 
ground was p re p a red  fo r the reduction  of econom ics to a b ranch  of 
praxiology.
P rax io logy  m ay be defined as  "the sc ience  of ra tio n a l 
99activ ity . " Its  origin lie s  in  the fo rm ulation  of the econom ic p r in ­
cip le by the c la s s ic a l  eco nom ists . As w as sa id  in  the p reced ing  p a ra ­
g raphs the p rin c ip le  of econom ic ra tio n a lity  evolved w ith m a n 's  eco ­
nom ic activ ity . Its  application  is  no t, how ever, lim ited  to  econom ic 
activ ity . "The econom ic p rin c ip le  i s  applied in  m any o th er sp h e re s  
of hum an ac tiv ity , above a ll in  technology. A lso in  m ili ta ry
s tra te g y  and ta c tic s  the p rin c ip le  is  o p era tive . "R ational s tra te g y  o r 
ta c tic s  co n s is ts  in obtaining the m axim um  s tra te g ic  o r ta c t ic a l e ffect
98On the r is e  and developm ent of econom ic su b jec tiv ism  see 
Lange, pp. 160-207, and 226-278; a lso  see S chum peter, pp. 887, 
1056-1057.
99 Lange, p. 188.
^^^ Ib id ., p. 186. Lange g ives th is  exam ple: "The am ount of 
w ork done by an engine m ay v a ry  fo r  a given am ount of fuel o r , what 
is  the sam e th ing, the am ount of fuel used  by an engine m ay v a ry  fo r  
the p e rfo rm an ce  of a given am ount of w ork . We speak  of a g re a te r  o r 
le s s e r  tech n ica l effic iency  of the  engine. When designing an engine 
we design one of the g re a te s t  po ssib le  tech n ica l e ffic iency  fo r a 
p a r tic u la r  cost of co n stru ctio n . S im ila rly  in  planning a pow er s ta tio n , 
we endeavor to  obtain the g re a te s t  tech n ica l e ffic iency , m easu red , 
say , in te rm s  of the num ber of k ilow atts  of e le c tr ic  en erg y  produced 
p e r ton of coal used , fo r p a r tic u la r  co sts  of co n stru c tio n . T h is is  
p ro ced u re  accord ing  to  the econom ic p rin c ip le . "
215
w ith a given num ber of fo rce s  o r [a ite rn a tiv e iy ]. . . in obtaining a
p a r tic u la r  s tra te g ic  or ta c tic a l effect w ith the  m inim um  num ber of
. ,,101 fo rce s .
O ther exam ples of ra tio n a l ac tiv ity  a re : the ra tio n a l m ethod
of teach ing  the piano which is  that m ethod by which the pupil m akes
the m ost p ro g re s s  in a given tim e (or a given am ount of p ro g re s s  in
the m inim um  am ount of tim e); the ra tio n a l m ethod of tran sp o rtin g
loads is  th a t by w hich a given load is  tra n sp o r te d  w ith the m inim um  of
effo rt o r by which the  m axim um  load is  tra n sp o r te d  fo r a given effort.
The econom ic p rin c ip le  a lso  finds app lication  in  sc ie n tif ic  re s e a rc h .
It ap p ea rs  m ost c le a r ly  in m a th em atica l s ta t is t ic s  when a c e r ta in
p a ra m e te r  is  to  be e stim ated  o r a s ta t is t ic a l  hypo thesis h as  to  be
v e rified  on the  b a s is  of the  s m a lle s t p o ssib le  num ber of o b servations;
w ell-know n in th is  connection is  the  concept of th e  efficiency  of va rio u s
102s ta t is t ic a l  m ethods.
It is , th e re fo re , seen  tha t the  econom ic p rin c ip le , though 
finding its  w idest fie ld  of app lication  in  eccnom ic ac tiv ity , w here the  
p rin c ip le  ap p eared  f i r s t ,  is  by no m eans lim ited  to  th is  sp h ere  alone. 
"W herever ac tiv ity  is  ra tio n a l and the  end is  quan tita tive ly  m e a s u r ­
ab le, o r a t le a s t  can be ex p re ssed  in the fo rm  of g re a te r  o r le s s e r
^°^lbid. , p. 187.
^^^Ibid.
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103d eg ree  of re a liz a tio n , th e re  the econom ic p rin c ip le  is  at w ork . "
The p rin c ip le  of econom ic ra tio n a lity  is  expected  to em b race  an e v e r 
g re a te r  a re a  of hum an ac tiv ity  as m o re  and m ore  such a c tiv itie s  a re  
sub jec ted  to the c r i t ic a l  reaso n in g  of the sc ien tific  a lly - tra in e d  m inds. 
Since ra tio n a lity  of action  c h a ra c te r iz e s  m any fie ld s of hum an 
ac tiv ity  and not m e re ly  econom ic ac tiv ity , th e re  has developed a d is ­
cip line which is  concerned  w ith w hat i s  com m on to a ll fie ld s  of 
ra tio n a l a c tiv ity --  p rax io logy . "P rax io lo g y  m ay be d e sc rib e d  as  the 
logic of ra tio n a l ac tiv ity . F o r  it  deals  with m ethods of in fe ren ce  
em ployed in  ra tio n a l ac tiv ity . It fo rm u la te s  the g e n e ra l concep ts
w hich a r is e  fro m  ra tio n a l ac tiv ity . T hese  a re  concepts like end and
104m ean s, m ethod, action , p lan , e ffec tiv en ess, econom y, and so on. "
T hese concepts a re  called  p rax io lo g ica l c a te g o rie s . P rax io lo g y
e s ta b lish e s  re la tio n s  betw een p rax io lo g ica l c a te g o rie s  which a re
105called  p rax io lo g ica l p rin c ip le s  of b eh av io r. "T he econom ic 
p rin c ip le  . . .  is  p re c is e ly  one of th e se  p rax io lo g ica l p r in c ip le s  of
V,  u  • " 1 0 6b eh av io r.
104Ibid. , p. 189.
105F o r som e re fe re n c e s  to  w orks in  the fie ld  of p rax io logy  
see  L ange, footnotes on pp. 189, 239, and 240.
^°®Ibid., p. 190.
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The econom ic p rin c ip le  w as given a c e n tra l position  by the 
su b jec tiv is t school. Jevons w ro te  that "p leasu re  and pain a re  undoubt­
edly  the u ltim a te  ob jects of the C alcu lus of E conom ics. To sa tis fy  our
w ants with the le a s t  e ffo rt . . . , to m axim ize p le a su re , is  the p rob-
107lem  of econom ics. " T his ex em plifies  the hedon istic  in te rp re ta tio n
of the su b jec tio n is tic  school w ith i ts  o rig in  in  the u ti l i ta r ia n  psychology.
It a p p e a rs , in  addition to Jev o n s, in  the w orks of M enger, Bohm -
108B aw erk , and M arsh a ll. This in te rp re ta tio n  h a s , m o re  recen tly , 
y ielded  to  w hat m ay  be called  p rax io lo g ica l in te rp re ta tio n . T h is con­
ce iv es  u tility  a s  a d eg ree  of re a liz a tio n  of the  aim  of econom ic ac tiv ity , 
independent of the n a tu re  of the a im . "W hether i t  is  the question  of
p le a su re  in  psycho log ica l sen se , o r  of m oney incom e, o r of p o litica l
109p o w e r . . . - - i s  a  m a tte r  of in d iffe ren ce . " In re c e n t econom ic 
w ritin g s  the te rm  " p re fe re n c e "  has  com e to  re p la ce  "u tility . " In th is  
p rax io lo g ica l in te rp re ta tio n , the su b jec tiv is t tre n d  le av es  asid e  a ll 
p sycho log ica l co n sid e ra tio n s  and tra n s fo rm s  i ts e lf  in to  "a  logic of 
ra tio n a l choice a im ed  at the m ax im ization  of p re fe re n c e .
107W. S. Jev o n s, The T heory  of P o litic a l Econom y, 3rd ed. ; 
London: 1888, p. 37, as quoted in Ibid. , p. 233.
108 See L ange, pp. 234-236 fo r m o re  d e ta ils  on th is  school.
100^  Ibid. , p. 235.
^^^ F o r a  concise  h is to ry  of developm ent of the p rax io lo g ica l 
in te rp re ta tio n  of u tility  since P a re to  see  Ib id . , footnote on p. 236.
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T his in te rp re ta tio n  w as given its  m o st co n sis ten t fo rm u la tio n  in  the
1 1 1  112 113hands of R obins, von M ise s , and R. G. D. A llen and H icks.
A ccording  to  R obins, "econom ics i s  the sc ien ce  w hich s tud ies
hum an b eh av io r as a re la tio n sh ip  betw een ends and sc a rc e  m eans
which have alternative u ses , , . . It [ i . e . ,  econom ics] does not
a ttem p t to  pick out c e r ta in  kinds of b eh av io r, but fo cu ses  a tten tion  on
a p a r t ic u la r  a sp ec t of b eh av io r, the fo rm  im posed  by the influence of 
114sc a rc ity . Thus econom ic science  is  conceived of a s  being con­
cern ed  w ith c e r ta in  a sp e c ts  of hum an ac tiv ity  not w ith a p a r tic u la r  
fie ld  of th is  ac tiv ity . As Lange no tes: "Econom ic sc ience  u n d e r­
stood in  th is  way is  a g e n e ra l study  of b eh av io r governed  by the eco­
nom ic p rin c ip le , a study  w hich h as  an app lication  in  a ll fie ld s  of hum an
115b eh av io r in  which the econom ic p rin c ip le  ap p lie s . " Lange shows 
th a t th is  approach  to  the sc ien ce  am ounts to  tra n s fo rm in g  it in to  a 
b ran ch  of praxiology:
^^^L . R obins, An E ssa y  on the N ature  and S ignificance of 
E conom ic S c ience , 2nd ed . ; London, 1946.
112 Ludwig von M ise s , Human Action: A T re a tis e  on E co ­
n o m ics , New Haven, 1949.
113 R. G. D. A llen  and J . R. H icks, " A R eco n sid era tio n  of 
the T h eo ry  of V alue, " E conom ica , O ctober, 1954.
114 Robins, as quoted in  Lange, pp. 237-238,
"^■"’Lange, p. 338.
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A ccording  to  Robins the econom ic asp ec t of hum an 
ac tiv ity  co n sis ts  in  the fac t tha t since the lim ited  am ount 
of m eans availab le  can be applied in  a v a r ie ty  of w ays i t  is  
n e c e s sa ry  to choose the ends fo r the re a liz a tio n  of which 
these  sc a rc e  m eans a re  to be u sed . A choice of th is  kind, 
how ever, a ssu m es tha t th e re  is  a h ie ra rc h ic  s tru c tu re  of 
ends, tha t som e ends a re  m ore  im p o rtan t than o th e rs .
W ithout a h ie ra rc h y  of th is  kind i t  is  im p o ssib le  to m ake 
a ra tio n a l choice of ends; on the o th er hand, the fac t tha t 
a h ie ra rc h y  of a im s e x is ts , p re su p p o ses  tha t p a r tic u la r  
a im s a re  the m eans to the re a liz a tio n  of one p rin c ip a l 
end. In th is  case  the choice of ends accord ing  to  th e ir  
re la tiv e  im portance  is  equivalent to  the m ax im ization  of 
the p rin c ip a l end, i .  e . , p roceed ing  acco rd ing  to  the 
econom ic p rin c ip le . Econom ic sc ience  is  thus the science  
of the use  of s c a rc e  m eans guaran tee in g  the m axim um  
degree  of re a liz a tio n  of a chosen  end of hum an ac tiv ity .
H ence, econom ics is  reduced  to  a sc ience  of p ro g ram m in g --
117a b ranch  of prax io logy . Von M ises ex p lic itly  announces th is  re s u lt .
The unavoidable consequence of th is  re s u lt  is  th a t econom ics c e a se s
to  be an e m p ir ic a l science  concerned  w ith objective phenom ena. I t is
tra n s fo rm e d  in to  a fo rm a l "logic of choice" in  which the only c r i te r io n
118of tru th  is  the ag reem en t of th eo rem s w ith the axiom s adopted.
~~^Ibid. , pp. 238-239.
117 "Out of the p o litica l econom y of the c la s s ic a l  sch o o l,"  
w rite s  von M ises , " em erg es  the g en e ra l th eo ry  of hum an action .
. . . No th rea tm en t of econom ic p rob lem  p ro p e r can avoid s ta r tin g  
fro m  ac ts  of choice; econom ics becom es a  p a r t ,  although h ith e rto  
the b e s t e lab o ra ted  p a r t, o f a m o re  u n iv e rsa l sc ien ce , prax io logy , " 
Von M ise s , as quoted in  Ib id . , p. 239.
118 Lange, p, 239.
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Econom ie su b jec tiv is ts  went as fa r  a s  sta ting  tha t "econom ic sc ien ce
p rax io lo g ica lly  conceived is  knowledge of the law s of ac tu a l hum an
. . ,,119a c t iv i ty  a p r io r i .
To w hat ex ten t the p rax io lo g ica l conception of econom ics is
p rev a len t today can be detected  fro m  the v e ry  popular tex t on
" P rin c ip le s  of E conom ics" by P ro fe s s o r  Sam uelson. He o ffers  tlie
following defin itions:
E conom ics is  the study of how m en and so c ie ty  
choose , w ith o r w ithout the u se  of m oney, to  em ploy 
s c a rc e  productive  re s o u rc e s  to  provide v a rio u s  com ­
m od ities  o ver tim e and d is trib u te  them  fo r  consum p­
tion , now and in  fu tu re , am ong v a rio u s  people and 
g roups in  socie ty . 1^® (S am uelson 's em p h asis . )
Thus econom ics is ,  acco rd ing  to P ro fe s s o r  Sam uelson, the 
study of ch o ice -- a  p a r t ic u la r  a sp ec t of hum an b e h a v io r--u n d e r  con­
d itions of s c a rc ity  of m ean s . The p rob lem s of in v estm en t, cap ita l 
s tru c tu re , d iv ision  of la b o r, and o ther co n sid e ra tio n s  in  re la tio n  to  
cap ita l a re  supposedly  taken  c a re  of by the p h ra se  "now and in  fu tu re"  
in  the defin ition. No m ention is  m ade of technology as  a defin ite ly  
given s ta te  of hum an knowledge excep t tha t "how m en . . . choose 
. . .  to  em ploy . . . r e s o u rc e s  . . . "  im p lie s  th a t som e te ch ­
nology p re v a ils .
l i d I b id . , p. 240.
120P au l A. Sam uelson, Econom ics: An In tro d u c to ry  Anal- 
y s is , 5th ed. ; New York: M cG raw -H ill Book Co. , In c .,  1961, p. 6 .
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Thus the study of the na tu re  and a v a ilab ility  of re s o u rc e s , 
the ev o lu tionary  c h a ra c te r  of the techno log ica l p ro c e ss  and d iv ision  
of la b o r, the ob jectively  ex istin g  " s tru c tu re  of the econom y" (in the 
L eo n tie f 's  o r von N eum ann 's sen se ), the w ay in  which these  fa c to rs  
influence hum an c h o ic e -- th e se  and m any o th e r problem s which w ere  
re g a rd e d  as Ijnng w ithin  the dom ain of econom ics by the c la s s ic is ts  
a re  le ft out. The o b jec tive ly  observ ab le  p a r ts  a re  announced as  un­
im p o rtan t and the sub jec tive  e lem en t of choice is  re g a rd e d  as  the only 
usefu l e lem en t in  the o v e ra ll ac tiv ity  of m en  th a t is  im p o rtan t fo r 
th e o re tic a l econom ics.
It would be fu tile  to  p re ten d  th a t P r o fe s s o r  Sam uelson 's  
defin ition  can be fu lly  analyzed to  the point of exposing its  
p ra x io lo g ic o -su b je c tiv is tic  and a n ti-e m p ir ic a l  n a tu re  in  th is  b r ie f  
sec tion . Such a ta sk  would re q u ire  a m an y -s id ed  exposition  of sub­
je c tiv ism  ra th e r  than a sketchy  re fe re n c e  such as  the one p re sen te d  
h e re ; i t  would in ev itab ly  lead  in to  a c r i t ic a l  exam ination  of the " tim e - 
p re fe re n c e "  th e o r ie s  of cap ita l a  la  B ohm -B aw erk , M enger, and 
F is h e r . Such an undertak ing  is  beyond the scope of the p re se n t study. 
Thus the d iscu ss io n  w ill p ro ceed  along m o re  sp ec ific  lin es  in  the 
d ire c tio n  of the fundam ental them e of th is  study; nam ely , the p ro b ­
lem  of c la ss ific a tio n ; while a t the  sam e tim e rem em b erin g  th a t the 
an a ly s is  w ill of n e c e s s ity  be lim ited  and p re lim in a ry  in  c h a ra c te r .
T hat i t  i s  p o ssib le  to  a b s tra c t  fro m  the p ro b lem  of
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op tim ization  in  e c o n o m ic s -- th a t is  to a b s tra c t  from  the p rax io lo g ica l 
a sp ec t of the sc ien ce --w ith o u t abandoning the sc ience  i ts e lf  is  fully 
d em o n stra ted  by the L eon tief s ta t is  inpu t-ou tpu t m odel. In th is  m odel 
L eontief co m ple te ly  a b s tra c ts  fro m  the prob lem  of choice in  the eco ­
nom ic sc ien ce . On the p roduction  side a single technique is  a ssum ed
121to  be ac tu a lly  applied by the p ro d u c e rs . On the c o n su m e rs ' side 
the com position  of dem and is  tre a te d  as  datum  (in the open m odel).
In  o th e r w o rd s , the L eon tief m odel shows tha t it is  p ossib le  to  abandon 
p rax io logy  w ithout at the sam e tim e  abandoning econom ics. The te s t i ­
m ony to  the sign ificance  of L eo n tie f 's  m odel does not n e c e s s a r i ly  com e 
fro m  the q u a r te rs  of i t s  sy m p a th ize rs . P ro fe s s o r  F ried m an , while 
ex p re ss in g  som e re s e rv a tio n s  as  to  the u se fu ln ess  of L eo n tie f 's  m odel 
as  a  p red ic tiv e  dev ice , w r ite s  that;
The tab le  is  c le a r ly  an e x tre m e ly  u sefu l and ingenious 
co n stru c tio n  th a t can  be re g a rd ed  as  a n a tu ra l ex tension  of the 
nationa l incom e accoun ts . 122 such , i ts  value and u se fu l­
n e ss  a re  la rg e ly  independent of the  su c c e ss  of inpu t-ou tpu t 
a n a ly s is  as  a p red ic tiv e  techn ique. Any dispute about the 
tab le  is  only w h e th er i t  is  w orth  i ts  co st, not w h e th er i t  is  
w orth  having a t a ll.
1 2 1 See sec tio n  1, C h ap te r VI.
122In  C h ap ter III of th is  study  i t  i s  shown th a t both inpu t-ou tpu t 
and nationa l incom e accounts can be em bedded in to  a m o re  g e n e ra l 
fram ew o rk  of n a tiona l accounting. It is  shown th e re , a lso , th a t 
w h e th er one t r e a ts  inpu t-ou tpu t as an ex tension  of the  n a tiona l accounts 
o r  v ice  v e r s a , i s  p u re ly  a m a tte r  of choice.
123 F ried m an , "C om m ent, " Input-O utput A nalysis; An
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As to  the an a ly tica l u se fu ln e ss  of the m odel and i ts  s ign ificance  
in  re la tio n  to  v a rio u s  sp ec ific  p ro b lem s of econom ics, C h ap ter VII of 
th is  study  g ives a se lec tiv e  overv iew  of the a re a . I t is  concluded th e re  
th a t not only inpu t-ou tpu t an a ly s is  p ro v ides a m ore  e ffic ien t, sy s te m ­
a tic , and in fo rm a tio n a lly  su p e r io r  m ethod of a ttack ing  the sp ec ific  
econom ic p ro b lem s posed  and a ttack ed  by the conventional agg regative  
(K eynesian) m o d e ls , but a lso  i t  p ro v id es  tools fo r such p ro b lem s tha t 
cannot even a r is e  w ith in  the m o re  agg regative  fram ew o rk s . It is  
iro n ic , indeed , th a t the m odel th a t h as  a b s tra c te d  from  the p rob lem  
of c h o ic e -- th a t i s ,  one th a t h as  abandoned the v e ry  co re  of the
p rax io lo g ic o -su b je c tiv is tic  a p p ro a c h -- is  the one tha t h as  p roved  m o st
124
fru itfu l and h a s  won m o re  w id esp read  approval than  any o th e r in  
econom ics. T h is i s ,  of c o u rse , not acc iden ta l. It is ,  r a th e r ,  a  con­
s is te n t and d e lib e ra te  in s is te n c e  on the m ethodological view th a t e co ­
nom ics is  an e m p ir ic a l sc ie n c e , th a t c e r ta in  o b servab le  in v a ria n t 
re la tio n sh ip s  (such as  tha t exh ib ited  by the inpu t-ou tpu t tab le ) can 
se rv e  as  a b a s is  fo r  th e o re tic a l g en e ra liz a tio n , th a t the p rob lem  of
A p p ra isa l, N ational B u reau  of E conom ic R esearch , C onference on 
R ese a rch  in  Incom e and W ealth , P r in ce to n , New J e rse y : P rin ce to n  
U n iv e rs ity  P r e s s ,  1955, p. 170.
124As e a r ly  as  1959 m o re  than  20 d ifferen t co u n trie s  had  con­
s tru c te d  an inpu t-ou tpu t tab le  of th e ir  econom y. The num ber h as  in ­
c re a s e d  sh a rp ly  in  re c e n t y e a r s .  See H ollis  B. C henery  and P a u l G. 
C la rk , In te r in d u s try  E co n o m ics , New Y ork: John W iley and Sons, 
In c . ,  1967, p. 183.
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choice, though ex trem ely  im p o rtan t in  econom ics, does not constitu te  
i ts  single  co re , and m any o th er view s sp read  throughout th is  study.
The above com m ents should not give the im p re s s io n  th a t the 
p rob lem  of ra tio n a l choice and its  sy stem a tiza tio n  in  the d isc ip lin e  of 
p rax io logy , is  not of c e n tra l s ign ificance in  eco n o m ics . In fac t, the 
d iscu ss io n  of the von Neum ann and lin e a r  p rog ram m in g  p rob lem  in  th is  
ch ap te r ind ica te  the s ign ifican t ro le  th a t op tim ization  p lays in  eco ­
nom ics. A lso fa m ilia r ity  w ith the dynam ic v e rs io n  of the L eo n tie f 
m odel o r  the l in e a r  p rog ram m ing  g en era liz a tio n  of M s s ta tic  m odel
im m ed ia te ly  n e c e s s ita te s  the app lication  of p rax io lo g ica l concepts and
^ 125m ethods.
The im p o rtan t point to  note is  th a t p rax io logy  is  an au x ilia ry  
d isc ip line  to  econom ics (and to  m any o th er sc ien ces) and th a t reducing  
econom ics to  p rax io logy  am ounts to  i ts  liqu idation  as  an e m p ir ic a l 
sc ien ce . The developm ent of econom ics as an e m p ir ic a l sc ien ce  n e c e s ­
s ita te s  a  to ta l reex am in a tio n  of the p rax io log ico- su b jec tiv is tic  tre n d s  
th a t have haunted the  sc ien ce  since  the la s t  q u a r te r  of the n ineteen th  
cen tu ry .
125T hese  m odels a re  not d iscu ssed  in  the p re se n t study. The 
following constitu te  som e b a s ic  re fe re n c e s : L eontief, Studies in  . . . 
C hap ter III, including "M athem atica l N otes" I and II; D orfm an, 
Sam uelson, and Solow, pp. 283-305. L eontief can e lim in a te  the 
p rob lem  of choice a t the expense of "cau sa l in d e te rm in acy "  of h is  
sy stem . See D orfm an, Sam uelson, and Solow, pp. 295-300.
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Since consum ption is  fo r the m ost p a rt an individual ac tiv ity , 
and since  consum ption, being the end of a ll econom ic ac tiv ity , is  
ass ig n ed  the position  of the single co re  of th e o re tic a l an a ly s is  in  the 
su b jec tiv is tic  conceptions of econom ics, i t  follows tha t a ll econom ic 
th eo ry  can  be understood  by the "m en ta l p ro c e sse s"  o r the consequent 
behav io r of an iso la ted  indiv idual in  a d e se r t, o r on an is lan d . H ence, 
the p o p u larity  of the Robinson C rusoe  science  fic tions among the su b ­
je c t iv is t  c i r c le s .  Thus the su b jec tiv is t school not only a b s tra c ts  from  
the e m p iric a lly -o b se rv ed  in v a ria n ce s  such a s  those re fe r re d  to above, 
but a lso  ends up with ab s trac tin g  fro m  the v e ry  "so c ia ln e ss"  tha t 
c h a ra c te r iz e s  the s ta te  of hum an ex is ten ce . The u ltim ate  p re m ise s  
of th is  conception is  tha t hum an co n sc io u sn ess  is  an e x tra -e m p ir ic a l  
phenom ena th a t is  independent of h is  so c ia l ex is ten ce . T h is i s ,  of 
c o u rse , nothing but ph ilosophical id e a lism  descended upon econom ics 
by the A u stra lian  School. It has p en e tra ted  econom ic sc ience  to  i ts  
v e ry  c o re . S ubjectiv ism  h as  becom e the v e ry  k e rn e l of the p re v a il­
ing econom ic th eo riz in g . The e ffo rts  of M arsh a ll to  "b ring  in  the 
production  side" with h is  p a r t ia l  eq u ilib rium  schem e w ill not do. 
Nothing sh o rt of a to ta l reex am in a tio n  of econom ic sc ience  on a ll 
le v e ls --m e ta p h y s ic a l, ep istom olog ica l, m ethodological, and an a ly t­
ic a l - -w il l  pu rify  the sc ience  fro m  its  "A u stra lian  in g red ien ts . "
^^^An a p p ra isa l of p a r tia l equ ilib rium  m ethod is  given in
îction 9 of th is  chapter.
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C o n tra ry  to  consum ption, p roduction  is  an objective so c ia l 
p ro c e s s . The developm ent of technology and the  p ro c e ss  of d iv ision  
of la b o r binds m en in to  an e v e r  m o re  conp lex  netw ork  of in te r ­
re la tio n sh ip s . If  i t  is  rem em b ered  tha t i t  w as fundam entally  the  p ro ­
g re s s  in  d iv ision  of lab o r (and the accom panying accum ulation  of 
cap ita l) th a t un d erm in ed  the  se lf-su ffic ien cy  of the econom ic un its  
w ith in  the n a tu ra l (o r trad itio n a l) econom y, tra n s fo rm in g  it  in to  an 
organ ic  w h o le --in te g ra te d  and in d eco m p o sab le --an d  if  i t  is  
re m e m b ered  th a t the v e ry  p rin c ip le  of econom ic ra tio n a lity  w as a 
consequence (and not an an tecedent) of the p ro c e ss  of d iv ision  of 
lab o r, and i f  i t  is  fu r th e r  noted th a t the p ro c e ss  of d iv ision  of la b o r 
i s  fo r  the m o st p a r t  an autonom ous one, feeding on the cum ulation  of 
the e x p e rien ces  of in n um erab le  g en e ra tio n s  of m en , i t  is  e a sy  to  see  
why p roduction  should occupy a c e n tra l p o sition  of a tten tion  in  the 
study  of econom ics. T h is a lso  exp lains why the  L eon tief m odel, 
w hich is  e s s e n tia l ly  a m odel of p roduction , h a s  p roved  to  be so  f ru i t­
ful both in  d e sc rip tiv e  as  w ell a s  in  an a ly tica l econom ics. In fa c t, the 
m odels of von N eum ann, L eontief, and p ro c e ss  a n a ly s is  a ll have in  
com m on the c h a ra c te r is t ic  tha t p roduction  occupies a c e n tra l position  
in  the th e o re tic a l m odel and i ts  e m p ir ic a l c o u n te rp a r t. In a  p reced in g  
sec tio n  the sign ificance  of the concept of "ac tiv ity "  w as a p p ra ised  in  
th is  re g a rd .
It i s ,  th e re fo re , c le a r  th a t the  m ethodolog ical p ro b lem  in
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econom ics today is  not m e re ly  a  ta c t ic a l one of sh ifting  around som e 
ax iom s of th is  o r th a t th eo ry , o r  developing s ti l l  m o re  e ffic ien t te ch ­
n iques of in d ire c t in fe ren ce  in  eco n o m e tric s . It i s ,  r a th e r ,  th a t of the 
fundam ental o rien ta tio n  of the sc ien ce; i t  is  the p rob lem  of o b jec tiv ism  
v e rs u s  su b jec tiv ism , the p ro b lem  of qualita tive  v e rsu s  an a ly s is , 
sp ecu la tiv e  v e rsu s  v e rified  knowledge, e x tra -e m p ir ic is m  v e rsu s  
fac tu a l an a ly s is . In sh o rt, it  i s  the d ifference  betw een m etap h y sics  
and sc ien ce .
In specific  te rm s , th e re  e x is ts  a tendency  in  econom ics to ­
w a rd s  the view that sc ien ce  is  b o rn  when one can an sw er the "why" of 
th ings and p ro c e s s e s . H ence, the p reoccupation  w ith why b u s in e sse s  
and co n su m ers  do w hat they  do to  the exclusion  of the conditions under 
w hich th ey  ac t. The s ta te  of technology, the s ta te  of p re fe re n c e s , and 
the s ta te  of n a tu ra l and o th e r re s o u rc e s  a t tra c t  m in im al a tten tion  and 
the p ro b lem  of m otivation  of econom ic a g e n ts -- th e  m o st in a cc e ss ib le  
and sub jec tive  a sp ec t of the  s c ie n c e -- th e  p rob lem  of cho ice , is  p r e ­
sen ted  as the whole of the sc ien ce .
E ven the p re s e n t s ta te  of p re fe re n c e s  is  not sy s te m a tic a lly  
d e sc rib e d  as a  fram ew o rk  w ith in  which cho ices a re  m ade, although 
th is  p ro b lem  can be q u an tita tiv e ly  stud ied  by com piling a h igh ly  de­
ta ile d  tab le  of the com position  of dem and and studying it fo r p o ssib le  
ex isten ce  of in v a rian t p a tte rn s  w ithin  i t .  H ow ever, a  re la tiv e  
s ta b ility  of the com position  of dem and is  the v e ry  ind ispensab le
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condition in  the absence  of w hich p ro d u c e rs  would have no w ay of 
knowing w hat to  p roduce . The fac t th a t the com position  of so c ia l 
dem and i s  the r e s u lt  of p re fe re n c e s  w hich a re  deep ly  roo ted  in  
c u s to m s, h a b its , p h y s io lo g ic o -c u ltu ra l needs of peop le , changing 
only slow ly  and often in a p re d ic tab le  m an n er, co m p le te ly  e scap es  the 
a tten tion  of econom ic th e o r is ts .  T hey  sp eak  of choice and p re fe ren ce  
not w ith re fe re n c e  to  a p a r t ic u la r  c u ltu ra l env ironm en t w ith i ts  em ­
p ir ic a l ly  s tab le  and only slow ly changing p re fe re n c e s  but in  an un­
sp ec ified  m ilie u , in  vacuum .
S chum peter, though unable to  g ra sp  the f a r -  reach in g  m ethodo­
lo g ica l im p lica tio n s  of the  in v a r ia n t re la tio n s  th a t a re  b a sed  on c u s ­
tom , h ab it, and technology, e x p re s s e s  the  s ign ificance  of th is  point 
in  the following p assag e :
. . . We sh a ll outline the lead ing  c h a ra c te r is t ic s  of 
a  m en ta l p ic tu re  of the  econom ic m ech an ism . And to  th a t 
end , we sh a ll p r im a r i ly  th in k  of a  c o m m e rc ia lly  o rgan ized  
s ta te , one in  w hich p r iv a te  p ro p e r ty , d iv ision  of la b o r, and 
f re e  com petition  p re v a il.
I f  som eone who has  n e v e r  seen  o r  h e a rd  of such a 
s ta te  w e re  to  o b se rv e  th a t a f a rm e r  p ro d u ces  c o rn  to  be con­
sum ed as  b read  in  a d is ta n t c ity , he would be im p e lled  to  ask  
how the fa rm e r  knew th a t th is  co n su m er w anted b re a d  and 
ju s t so  m uch. He would a s s u re d ly  be asto n ish ed  to  le a rn  
th a t the  f a rm e r  did  no t know a t a ll  w h ere  o r  by  whom it  
w ould be consum ed. F u r th e rm o re , he could o b serv e  th a t 
a ll the people th rough  w hose hands the co rn  m u st go on i ts  
w ay to  the  fin a l c o n su m er knew nothing of the la t te r ,  w ith 
the p o ssib le  excep tion  of the  u ltim a te  s e l l e r  of b read ; and 
even th ey  m u st in  g e n e ra l p roduce  o r  buy b efo re  th ey  know 
th a t th is  p a r t ic u la r  co n su m e r w ill acq u ire  i t .  The fa rm e r  
could e a s ily  an sw er the  question  put to  h im : long ex p erien ce , 
in  p a r t  in h e rite d , h as  taught h im  how m uch to  p roduce  fo r
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h is  g re a te s t  advantage; experience  h as  taught h im  
to  know the extent and in te n s ity  of the dem and to  be 
reckoned w ith. To th is  quantity  he ad h eres , as w ell 
as he can, and only g rad u a lly  a l te r s  i t  under the 
p re s s u re  of c irc u m sta n c e s . 127 (E m phasis added,
M .M .)
The "ex p erien ce"  th a t Schum peter r e f e r s  to im p lie s  som e 
s ta b ility  in  the behav io r of those  to  whom the fa rm e r  se lls  h is  p roduce. 
If the fa rm e r  can take advantage of th is  s tab ility  in  planning how m uch 
of w hat he ought to  produce why cannot econom ic science  do likew ise . 
The fa rm e r  is  defin ite ly  p red ic tin g . E conom ics m ust be able to  p re ­
d ic t even m o re  co n sis ten tly  and sy s te m a tic a lly  because i t  i s  a  sc ience  
The b a s is  of th is  p red ic tio n  is  the ex istence  of a defin ite  com position  
of dem and th a t changes not c ap ric io u s ly  with no re a so n  but sy s te m ­
a tic a lly , g radua lly , and often w ith defin ite  and iden tifiab le  re a so n s . 
Thus i t  i s  n e c e s sa ry  to  have a c c e ss  to  a  detailed  and sy stem a tic
128p ic tu re  of the p re se n t s ta te  of the com position  of so c ia l dem and.
Its  fu tu re  s ta tu s  can  be in fe r re d  fro m  its  p re se n t s ta te  w ith the help  
of e m p irica lly -fo rm u la ted  th e o rie s  of consum ption.
127Joseph  A. Schum peter, The T heo ry  of Econom ic D evelop­
m en t, t ra n s . R edvers O pie, New York: O xford U n iv e rs ity  P r e s s ,  
1966, pp. 5-6.
128 The ad v ertis in g  agencies know v e ry  w ell tha t c o n su m e rs ' 
dem and is  (1) ra th e r  s tab le  and d ifficu lt to  change, hence needing 
" re p ea te d  s tim u li"  continued sy stem a tica lly ; and (2) i t  is  not 
c ap ric io u s  and unp red ic tab le  in  i ts  e n tire ty  o r  in  i ts  p a r ts .  Such 
cap ric io u sn e ss  is  neglig ible in  re la tio n  to  the s tab ility  observed .
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B arn a  d raw s atten tion  to  the s tab ility  in  consum ption p a tte rn s  
as  being s im ila r  to tha t in  techno log ica l p a tte rn s;
the v a ria tio n  in  behav io r betw een households is  perhaps 
w id er than in  tha t betw een f irm s , although th is  is  not yet 
confirm ed  by e m p iric a l ev idence. But if any sizab le  group 
of households is  taken , th e ir  behav io r in  the ag g regate  shows 
rem ark ab le  stability  from  one year to ano th er. I t is  tru e  
tha t v a rio u s  behav io r re la tio n s  change through tim e but th is  
change is  slow and g rad u a l. F ro m  an an a ly tica l point of 
view th e re  i s  thus Little d ifference  betw een beh av io r r e la ­
tions re le v an t to  households and techno log ica l re la tio n s  
re le v an t to  in d u stry ; indeed, techno log ica l change i s  often 
m ore  ab rup t than change in  behav io r. In su rvey ing  h o u se­
holds too m uch a tten tion  is  often paid to  s h o r t- te rm  changes 
and too l i t t le ,  p e rh ap s , to  the s tab le  underly ing  needs fo r 
food, s h e lte r ,  c lothing, am usem ent and a r t .  T hese needs 
re m a in  p ra c tic a lly  unchanged from  one g en era tio n  to  an­
o th er and it i s  only the w ays in  which they  a re  sa tis f ied  to 
th a t change; the ch em ist has  rep laced  the w ork  of the 
silkw orm  but the fina l p roduct h as  not fundam entally  
changed.
It i s ,  th e re fo re , seen  tha t the in v a ria n t re la tio n s  th a t co n sti­
tu te  the m ain  su b jec t of an e m p ir ic a l sc ience  a re  not absen t in  
econom ics. They e x is t not only in  the a re a  of production  but a lso  in 
the sp h ere  of consum ption. It i s ,  th e re fo re , not w hether a th e o ry  is  
"co n su m p tio n -o rien ted "  o r "p ro d u c tio n -o rien ted . " I t  i s  r a th e r  the 
m an n er in  which production  and consum ption a re  tre a te d  in  a theo­
re t ic a l  setup .
The question  u ltim a te ly  bo ils  down to  w h e th er the ab strac tio n  
of a  sc ience  a re  b ased  on sy stem a tic  observation  a n d /o r  e x p e r i­
m en ta tion  and su b jec t to  d ire c t o r in d ire c t v e rific a tio n  o r th ey  a re
12d B arna , pp. 24-25.
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sp ecu la tiv e ly  deriv ed  from  lim ited  and n o n -sy s tem a tic  o b serv a tio n s  
and not d ire c tly  o r in d ire c tly  v e rif ia b le . P u t o th e rw ise , i t  i s  the 
p ro b lem  of d isco v erin g  in v a ria n t e m p ir ic a l re la tio n s  w ith in  the dom ain 
of a given sc ience  as  opposed to  offering  im p re s s iv e  th e o re tic a l con­
s tru c ts  w ith little  e m p ir ic a l s ign ificance . By now i t  is  w ell e s tab lish ed  
th a t th e o r ie s  w ith re m a rk a b le  in te rn a l co n sis ten cy  but l i t t le ,  if  any, 
e m p ir ic a l va lid ity , a re  not lim ited  to  those  found in  folk su p e rs tit io n s
such as th e o r ie s  of c re a tio n , of o rig in  of m an , of the shape and position  
130of the e a r th . In sc ience  of re c e n t c e n tu r ie s , econom ics and psy ­
chology have d em o n stra ted  the p o ss ib ility  of build ing ah ed ifice  of 
in te r re la te d  concepts w ith  no m o re  than  a  lim ited  s e t  of c a su a l o b s e r­
va tions s ta ted  in  few ax iom s. In  both c a s e s  "w rong" a b s tra c tio n , in ­
c o r re c t  angle of looking a t the  p ro b lem s a re  re sp o n sib le  fo r  such 
d e p a r tu re s  fro m  the position  of an e m p ir ic a l sc ien ce . It w as seen  th a t 
in  psychology F reu d  "looked" a t the s u b je c t 's  d ream  and re c o lle c tio n s .
130One such " th eo ry "  is  p reach ed  by M oslem  m ullahs to  the 
ru r a l  (and g e n e ra lly  uneduca ted )segm en ts  of the population in  I ra n . It 
ru n s  as  follow s: The e a r th  r e s t s  on one h o rn  of a g ian t bu ll, the bull 
s tands on the back  of a g ian t fish  (a w hale? ), which sw im s in  foam  at 
the su rface  of the ocean th a t f il ls  the  r e s t  of the u n iv e rse . T h is th e o ry  
is  su cc e ss fu lly  put to  w ork  to  "exp lain" e a r th  quakes, th u n d er, ra in  
s to rm , e tc . E a rth q u ak es  o ccu r b ecause  the bu ll being  t i r e d  of holding 
the e a r th  on one h o rn  gen tly  sh ifts  i t  to  r e s t  on the o th e r I T hunder is  
nothing but the ro a r in g  of the  bu ll showing h is  an g e r , and ra in  s to rm s  
a re  the re s u lt  of the w h a le 's  sp lash ing  of the  o cean 's  w a te r  w hen it 
acc id en ta lly  goes low er than  u su al fro m  foam  in to  w a te r . The range 
of phenom ena co n sis ten tly  "exp lained" by th is  "b u ll-w hale"  th e o ry  is  
re m a rk a b ly  w ide.
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w h erea s  the ta sk  i s  to  look a t the objective and in v a ria n t m odes of 
m otion of hum an n ervous sy s te m , re fle x e s--co n d itio n ed  o r uncon­
d itio n ed --an d  c e re b ra l  physiology, on the one hand, and so c ia l en v iro n ­
m e n t--w ith  i t s  re la tiv e ly  constan t s e t of c u sto m s, h a b its , econom ic 
and so c io lo g ica l position  of in d iv id u a ls --o n  the o th e r hand. F re u d 's  
su b jec tiv ism  is  h e re  c o n tra s ted  with P a v lo v 's  o b jec tiv ism .
In eco n o m ics , the su b jec tiv is ts  look at the  exchange p ro c e ss  
and the m a rk e t and in fe r  th a t the op tim izing  beh av io r co n stitu tes  the 
whole of eco n o m ics , w h e rea s  the ta sk  is  to  look a t the e m p iric a lly  
in v a ria n t re la tio n sh ip s  in  p roduction  and consum ption w ithin a so c ia l 
fram ew o rk  (as opposed to  C ru so e 's  is la n d  o r d e se r t) .
N e ith e r  the  phenom enon of d ream  o r re c o llec tio n s  of m em o rie s  
n o r the phenom ena of exchange and optim izing  b eh av io r a re  to  be d is ­
ca rd ed  a s  i r r e le v a n t  o r u n in te re s tin g  in  th e se  sc ie n c es . On the con­
t r a r y  th ey  a re  e s s e n tia l  a sp ec ts  of th e  two sc ien ces  and m u st u l t i ­
m a te ly  be exp lained . The question  i s  not the  re lev an ce  o r s ign ificance 
of th e se  phenom ena, fo r  they  a re  defin ite ly  re lev an t and sign ifican t.
It i s ,  r a th e r ,  w h e th er o r  not they  co n stitu te  the b e s t window fo r  look­
ing a t a  w ide range  of phenom ena w ithin  the dom ains of the  given 
s c ie n c e s . I t w as seen  in  the d iscu ss io n  of the W alra s ia n  g en e ra l 
eq u ilib riu m  m odel in  sec tio n  6 of th is  ch ap te r th a t the  exchange p ro ­
c e s s  and the m a rk e t prov ide poor poin ts of d e p a rtu re  fo r  u n d e r­
stand ing  of econom ic phenom ena. The c o r re c t  p lace to  s ta r t  is  the
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sy ste m a tic  d e sc rip tio n  by d ire c t o b se rv a tio n  of the re la tiv e ly  con­
s tan t p a tte rn s  of p re fe re n c e s , technology, re s o u rc e s , and the w orld  
en v ironm en t of the g iven econom y. The m a rk e t phenom ena of p r ic e s ,  
and output is  b e s t exp lained  in  te rm s  of the o v e ra ll in te rre la tio n sh ip s  
betw een v a rio u s  econom ic ag en c ies  witij re s p e c t to  th e se  fundam ental 
econom ic data not on the b a s is  of som e doubtful p sycho log ica l axiom  
about som e "p e rfe c t co n su m er"  in  som e "p e rfe c tly  com petitive"  
sy s te m . Thus the m ethodolog ical p ro b lem  facing  the sc ien ce  is  the 
leg acy  of the A u strian s  and M arsh a ll: su b jec tiv ism s  due to  the 
A u s tria n s  and p a r t ia l  eq u ilib riu m  due to  M arsh a ll. T hese  two a sp e c ts  
of the  sc ie n c e , fa r  fro m  being  independent, a re  in h e re n tly  in te r re la te d . 
In the  next sec tio n  the m ethod of p a r t ia l  eq u ilib riu m  w ill be exam ined 
sch em a tica lly .
9. C oncern ing  P a r t i a l  and G en era l E q u ilib riu m  A nalysis
P a r t i a l  eq u ilib riu m  an a ly s is  i s  the  an a ly tica l engine of m ethod­
o log ica l id e a lism  and th e o re tic a l  ty p ic a lism . The sp ec ifica tio n  of an
131" id ea l sy s te m "  in  w hich the  " ty p ica l f irm "  o r " ty p ica l co n su m er"  
functions is  e s s e n tia l  to  the  p a r t ia l  eq u ilib riu m  a n a ly s is . It is  
fo ca lly  dependent on c e te r is  p a rib u s  a ssu m p tio n s: fa c to rs  a re  
"m en ta lly "  a ssu m ed  fixed  w hich in  re a l i ty  v a ry  cap ric io u s ly . T hus,
131 The in tro d u c tio n  of m onopoly, duopoly, oligopoly, e tc . , 
in  the  a n a ly s is  a c tu a lly  am ounts to  in tro d u cin g  "types w ith in  a type . "
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in  the absence of e m p iric a l in v a ria n ce s , a r tif ic ia lly  assum ed  in v a r i­
ances a re  provided  as a sp ringboard  fo r th e o re tic a l an a ly s is . The 
m ethod i s ,  th e re fo re , in  g en era l n o n -em p irica l in  the sense  tha t the 
c e te r is  pa rib u s  assum ption  involved i s ,  in  g e n e ra l, of p u re ly  in te lle c ­
tu a l sign ificance .
T his should not im p ly  th a t p a r tia l  eq u ilib rium  an a ly sis  is  
e n tire ly  devoid of sign ificance . In so fa r  as the in te lle c tu a l e x e rc ise  
of c e te r is  p a rib u s  is  concerned , o th e r sc ien ces  u tiliz e  the approach
with benefit. E rn s t  M ach has d em o n stra ted  i t s  im p o rtan ce  in  
132p h y sics . M o rg en ste rn  re fe r r in g  to  the approach  as  thought-
experim en t, w rite s  that:
O bviously the th o u g h t-ex p erim en t h as  been  w idely 
u sed  in  econom ics as in  a ll  s c ie n c es . It has  p layed a v e ry  
la rg e  ro le  in  E in s te in 's  hand. I ts  m ethods involve im ag ­
ining conditions th a t d iffer fro m  the known conditions and 
then  a ttem pting  to  iden tify  the p ro p e r  fa c to r  to  which the 
im agined  v a ria tio n s  could be a sc rib e d . T his p roced u re  
c o n s is ts  in  the draw ing of im p lica tio n s  and like o ther 
ex p erim en ts  m ay lead  to  the d isco v e ry  of new fa c ts . It is  
leg itim a te  but exceedingly  d ifficu lt to  handle, hence the 
num erous tim e s  w hen i t  h as  g iven r is e  to  poor r e s u lts .
I t i s  often r e s tr ic te d  to  qualita tive  co n sid era tio n s  
[em phasis  added, M .M .] . . ! ! [A v e ry  im portan t] 
d ifficu lty  lie s  in  the  fac t th a t 'known, g iven ' conditions 
a re  only v e ry  im p e rfec tly  known so th a t one m ay  argue 
fro m  a ra th e r  shaky b a s is . . .
132O sc a r M o rg en ste rn , Econom ic A ctiv ity  A nalysis , New 
York; John W iley and Sons, In c .,  1954, p. 486.
1 33
I b id . , pp. 486-487.
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Thus even i f  tho u g h t-ex p erim en ts  in  econom ics w ere  com ­
p a ra b le  w ith those in  o th e r sc ien ces  they  would s t i l l  have to constitu te  
only a  supplem ent to  not the whole of an a ly tica l w ork  in  the sc ien ce . 
T h is is  so because  of (1) in tr ic a c ie s  of the m ethod which lead  to poor 
r e s u lts  frequently ; (2) the d ifficu lty  of knowing w hat should be tre a te d  
a s  "given, known" in  a p a r tic u la r  econom ic situation; and (3) the 
p u re ly  qualita tive  re s u l ts  of th is  type of an a ly s is .
It should be noted, how ever, th a t the assum ption  th a t thought- 
ex p erim en ts  in  econom ics a re  m ethodologically  c o m p arab le ,--b ey o n d  
som e su p e rfic ia l re  sem b lan ce--w ith  those  in  p h ysica l sc ie n c es  is  un­
w a rra n ted . As i t  w as pointed out in  a  d ifferen t context e a r l i e r  in  th is  
ch ap te r, th o u g h t-ex p erim en ts  in  p h y sica l sc ien ces  often have much 
in d ire c t support by o th e r th e o rie s  in  the given scien ce  which have been 
e m p iric a lly  v e rif ie d . T ho u g h t-ex p erim en ts  in  th is  c a se  a re  u su a lly  
co n sid e ra tio n s  of som e lim itin g  c a se s  of law s th a t a re  ex p erim en ta lly  
v e rif ie d . F u r th e r , r a th e r  than using  the te rm  c e te r is  p a r ib u s , th ese  
sc ien ce  u su a lly  en u m era te  the s e t of conditions to  be held  fixed. The 
loose  and g en e ra l re q u ire m e n t c e te r is  p a rib u s  in  econom ics ac tu a lly  
am ounts to  the confession  th a t one does not know w hat spec ific  fa c to rs  
a re  to  be tre a te d  as  fixed in  a  g iven  situa tion . T hat i s ,  not only the 
quantita tive  but a lso  the qua lita tive  spec ifica tion  of p a ra m e te r s - - th e
^^^See sec tion  3 in  th is  chap te r .
236
l i s t  of fa c to rs  to  be tre a te d  as g iv e n -- is  in d e te rm in a te . C e te r is  
p a rib u s  thus im p lie s  quan tita tive  and q u a lita tive  in d e te rm in acy  of 
econom ic p a ra m e te rs .
In sp ite  of the above com m ents the lim ited  u se fu ln ess  of 
p a r t ia l  eq u ilib riu m  an a ly s is  cannot be denied . The lim ited  su c c e ss  
of p a r tia l  eq u ilib riu m  an a ly s is  l ie s  in  the fac t th a t i t  looks a t the 
econom ic u n iv e rse  fro m  the  sam e angle as  co n su m ers  and f irm s  do. 
T h is m ean s th a t the qua lita tive  in d e te rm in acy  of p a ra m e te rs  is  r e ­
m oved, a t le a s t  in  p a r t ,  by tre a tin g  th o se  fa c to rs  th a t a re  outside the 
co n tro l of the ind iv idual d ec is io n -m ak in g  un it a s  p a ra m e te rs . In the 
case  of a given co n su m er o r  f irm  th e se  fa c to rs  a re  g e n e ra lly  known. 
F o r  exam ple, a  sm a ll potato  f a rm e r  t r e a ts  the  p r ic e  of po ta toes as  
given and ad ju s ts  h is  output acco rd in g ly . T h e re fo re , p a r t ia l  equ i­
lib r iu m  m odel tha t a ttem p ts  to  explain  the b eh av io r of a sm a ll p ro ­
d u cer in  a com petitive  m a rk e t, p r ic e  i s  t re a te d  as a  p a ra m e te r . The 
leg itim acy  of th is  type of an a ly s is  should not lead  to  an u n d e r­
e s tim a tio n  of i ts  lim ita tio n s . I t  should  not b lind  one to  the  need  fo r 
m o re  pow erfu l tech n iq u es . P a r t i a l  eq u ilib riu m  an a ly s is  i s ,  a f te r  a ll, 
li t t le  m o re  than  a  fo rm aliza tio n  of the  v iew s of c o n su m ers  and f irm s  
fo r  whom the econom ic env ironm en t i s  given. T h e re  i s  no g u a ran tee  
th a t th is  env ironm ent can be g ra sp ed  in  i t s  e s s e n tia ls  m e re ly  by  adding 
the re la tio n sh ip s  th a t one deduces by observ ing  the m ic ro -u n its . In 
p a r t ic u la r ,  p a r t ia l  eq u ilib riu m  an a ly s is  cannot be m odified , sum m ed.
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o r in te g ra te d , to  re v e a l two fundam ental c h a ra c te r is t ic s  of the 
econom ic env ironm ent; (1) i ts  in te rn a l ba lances; and (2) i ts  in te rn a l 
s tru c tu re .
C oncepts of in te rn a l b a lan ces  and s tru c tu re  a re  of c e n tra l 
im p o rtan ce  to  the th e o ry  of g e n e ra l eq u ilib riu m . In te rm s  of g e n e ra l 
eq u ilib riu m  th eo ry
the econom ic sy s tem  can  be view ed as  a g igantic  
com puting m achine which t i r e le s s ly  g rin d s  out the so lu ­
tio n s  of an unending s tre a m  of quan tita tive  p ro b lem s; 
the p ro b lem s of the  op tim al a llocation  of la b o r, cap ita l, 
and n a tu ra l r e s o u rc e s , the p ro p e r  ba lance  betw een  the 
ra te s  of p roduction  and consum ption of thousands of in ­
dividual goods, the p ro b lem s of a p ro p e r  d iv ision  of the 
s tre a m  of c u rre n t output betw een consum ption and in ­
v estm en t, and m any  o th e rs . E ach  of th e se  p ro b lem s 
c a n - - in  p rin c ip le  a t  le a s t- - b e  thought of being r e p r e ­
sen ted  by a  sy stem  of eq u atio n s. U nder conditions of 
p e rfe c t com petition  an im p e rso n a l au tom atic  c o m p u te r-- 
to  w hich we u su a lly  r e f e r  to  a s  the econom ic s y s te m -- 
h as  been so lv ing  th ese  equations y e a r  a f te r  y e a r , day 
a f te r  day, b e fo re  the m a th em atica l eco n o m ists  even 
though of co n stru c tin g  th e ir  sy s te m s .
In a  g e n e ra l eq u ilib riu m  m odel^^^ th e re  m ay  be few o r m any 
equations depending upon the  " c o a rs e n e s s "  of the m odel. T hese  
equations c o n s is t of two k inds; the ba lan ce  and the s tru c tu ra l
135L eontief, E s s a y s  . . . , pp. 237-238.
136The follow ing d iscu ss io n  of g e n e ra l eq u ilib riu m  th eo ry  im ­
p lic itly  r e f e r s  to  the L eon tie f s ta tic  m odel. H ow ever, the  g en era l 
c o n s id e ra tio n s  in  re la tio n  to  the ba lance  and s tru c tu ra l  equations a re  
tru e  of a l l  g e n e ra l eq u ilib riu m  m odels such  as  those  of W a lra s , von 
N eum ann, W ald, e tc .
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equations. The ba lance  equations s ta te  tha t in  each period of tim e  fo r 
e v e ry  good, the to ta l p roduction  and to ta l u se  m u st be equal when 
p ro p e r  allow ance i s  m ade fo r  e x p o rts , im p o r ts , and add itions to  o r  
su b trac tio n s  fro m  stocks.
The s tru c tu ra l  equations d e sc rib e  quan tita tive  re la tio n sh ip s  
betw een the inpu ts  ab so rbed  and outputs supplied  by each s e c to r .
Input-ou tpu t tab le s  constitu te  one of the w ays in  which the p a ra m e te rs  
of the  s tru c tu ra l  equation  m ay  be n u m e ric a lly  spec ified .
The g e n e ra l eq u ilib riu m  an a ly s is  ta k es  cognizance of the fac t 
th a t a m odern  econom y c o n s is ts  of h igh ly  in te r re la te d  p a r ts  and 
a ttem p ts  to  p rov ide  a n u m e ric o -m a th e m a tic a l analogue fo r  th is  sy stem . 
It seek s  such in v a ria n c e s  a s  the inpu t-ou tpu t re la tio n s  am ong the 
s e c to rs  of the e c o n o m y --re la tio n s  th a t change slow ly and, in  p a r t ,  
p red ic tab ly . I ts  p a ra m e te rs  a re  w e ll spec ified  and e m p ir ic a lly  
d e te rm in ab le . W hat is  a ssu m ed  a s  g iv e n -- th a t i s ,  the s ta te  of p r e ­
fe re n c e s , technology, and r e s o u r c e s - - i s  not only w e ll-defined  but 
a lso  en joys re la tiv e  constance  in  i t s  e n tire ty . H ence, the "given 
cond itions" a re  e m p ir ic a lly  given; th ey  a re  not a ssum ed  as being 
given by  m en ta l a b s tra c tio n . B ecause  of th e se  co n s id e ra tio n s , the 
g e n e ra l eq u ilib riu m  m odel can  le a d  to  quan tita tive  as  w e ll as  qu a li­
ta tiv e  an a ly s is ; th is  in  c o n tra s t to  the p u re ly  qu a lita tiv e  re s u l ts  of 
p a r t ia l  eq u ilib riu m  an a ly s is .
B ecause  of the quan tita tive  c h a ra c te r  of g e n e ra l eq u ilib riu m
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an a ly s is , observation  and c la ss if ic a tio n  of fac ts  find im m ed ia te  
sign ificance in  th is  a re a  of th e o re tic a l econom ics. In fac t, the 
sy stem a tic  in te rp la y  betw een fac t and th eo ry  did not begin un til the 
p o ss ib ility  of s ta t is t ic a l  im plem en ta tion  of g e n e ra l equ ilib rium  m odels 
w as dem o n stra ted  by Leontief. No w onder tha t the p rob lem  of c la s s i ­
fication  of econom ic fa c ts  h as  a ttra c te d  so  little  a tten tion  un til r e ­
cently . L e o n tie f  s in s is ten c e  on the constancy  and ob jectiv ity  of 
" s e c to rs "  in  an econom ic sy stem  is  re m in isc en t of L in n aeu s 's  in s is ­
tence  on the constancy  and ob jectiv ity  of sp ec ie s . Ju s t as L innaeus 
p rovided  biology w ith its  f i r s t  sy s tem a tic  fram ew ork  fo r observation  
and reco rd in g  of da ta , L eon tief has  prov ided  econom ics w ith such a 
fram ew ork  p lus m uch m ore: a  pow erful an a ly tica l schem e th a t goes 
f a r  beyond the ta sk  of sy stem atiz in g  data , providing novel approaches 
to  the solution of m any econom ic p ro b lem s. The n o n -em p irica l 
n a tu re  of p a r tia l  eq u ilib rium  an a ly s is  w as h a rd ly  a th e o re tic a l guide­
line fo r such w ork. In  fac t the p rob lem  re m a in s  am azing ly  unex­
p lo red  to  th is  v e ry  day, though som e in te re s t  has  been e x p re ssed  in  
the field  by a  few au th o rs , m o stly  in  a sso c ia tio n  with the input-output 
w orks.
The developm ent of econom ics as an e m p ir ic a l sc ience  is ,  
th e re fo re , expected to  occu r along the lin es  of g e n e ra l equ ilib rium  
m o d e ls --m o d e ls  of s ta t ic , dynam ic, l in e a r , n o n -lin ea r, d e te rm in ­
is t ic ,  s to ch as tic , and o ther v a r ie tie s . The g en e ra l equ ilib rium
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m odels m u st con stitu te  the v e ry  c o re  of pedagogical e ffo rts  in  eco ­
n o m ics . The so o n er th is  is  done on a  w ide s c a le , the  m ore  rap id  the 
developm ent of the sc ien ce . P a r t ia l  eq u ilib riu m  an a ly s is  should be 
pushed  to  the side a s  a su p p lem en ta ry  m ethod, only u sefu l fo r  a v e ry  
rough f i r s t  approx im ation  in  re la tio n  to  som e sp ec ific  p ro b lem s. A 
good po rtion  of i t  i s  expected  to be reduced  to  nothing m o re  than  a 
m a tte r  of re c o rd s , a c h ap te r  of h is to r ic a l  c u rio s ity  in  the develop­
m en t of econom ic sc ien ce .
10. E co n o m e tric s  and E conom ic E m p ir ic ism  
The m o d ern  school of econom ic s ta t is t ic s  and eco n o m etrics  
h a s  m ade stupendous e ffo rts  to n a rro w  the gap betw een econom ic 
th e o ry  and e m p ir ic a l r e a l i ty  by a ttem pting  to  give s ta t is t ic a l  sp ec ifi­
ca tio n s  to  the s ta tem e n ts  and th e o re m s of econom ic th eo ry . But th is  
schoo l h a s , fo r  the m o st p a r t ,  u n c r itic a lly  accep ted  the m ethodological 
m ax im s of econom ic th eo ry . S pecifically , m ic ro eco n o m ics  and i ts  
an a ly tica l engine of p a r tia l  eq u ilib riu m  a n a ly s is , m acro eco n o m ics  and 
i t s  h e ro ic  a g g re g a te s - -s u p e r -a g g re g a te s  of an o v e ra ll p roduction
function  fo r  the econom y as a  whole w ith i ts  o v e ra ll inpu ts of land,
.137
la b o r, c a p ita l- -a n d  p reoccupation  w ith "m isp laced  e x ac tn e ss ' sp e ­
c io u sly  m an ifested  in  n o n lin ear fo rm u la tio n s  of C obb-D ouglas, con­
s ta n t e la s t ic i ty  of su b stitu tio n  (CES), and o th er p roduction  function;
137See sec tion  5 of th is  c h ap te r  on the sign ificance  of non- 
l in e a r i ty  a ssu m p tio n s  in  econom ics.
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th e se  a re  c h a ra c te r is t ic s  of the approach  of e co n o m e tric ian s , e s s e n ­
t ia l ly  following the foo tsteps of econom ic th eo ry .
In th is  study  no m o re  than som e g e n e ra l co n sid e ra tio n  can be 
o ffered  about the ro le  of eco n o m etrics  in  econom ic sc ien ce . N e ith er 
an evaluation  of the e m p ir ic a l re s u lts  of p a r t ia l ,  m ic ro - re la tio n s  of 
supply, dem and, and production  function, n o r tha t of the econom etric  
m a c ro -m o d e ls  is  feasib le  w ithin the scope of the p re se n t w ork . How­
e v e r , since  agg regative  concepts and re la tio n s  c h a ra c te r iz e  econo­
m e tr ic  w orks both a t m ic ro  and m a c ro - le v e ls , and since  the n a tu re  
and m ethodolog ical s ign ificance  of aggregative  fo rm u la tio n s  is  
exam ined in  d e ta il th roughout th is  w ork , i t  follow s th a t the econo­
m e tr ic  school is  au to m atica lly  exam ined h e re  in  so f a r  as  the eco ­
nom ic content of i t s  m ethodology of e co n o m e tric s , in c lu siv e  of i ts  
m uch re fin ed  and o rig in a l s ta t is t ic a l  techn iques, th a t co n stitu te s  a 
s e p a ra te  p ro b lem  w hose evaluation  is  u n re la ted  to  the p re se n t study.
In one fundam ental w ay eco n o m e trics  re s e m b le s  econom ic 
th eo ry . T h is is  pointed out by Leontief:
In the sam e s p ir i t  in  which p u re  econom ic th e o ry  a im s 
at deriv ing  the g re a te s t  num b er of p o ssib le  conclusions from  
a few fundam ental a ssu m p tio n s , the m odern  s ta t is t ic a l  school 
w ith u tm o st ingenuity  ex p lo re s  v a rio u s  m ethods of draw ing 
the la rg e s t  p o ssib le  se t of s ta t is t ic a l  in fe re n c e s  fro m  a sm all 
and s t r ic t ly  lim ited  num ber of d ire c t o b se rv a tio n s .
138L eontief, Studies in  . . . , p. 5.
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In i ts  tendency  to  follow them ethodology of econom ic th eo ry , 
e co n o m e tric s  finds i t s e l f  m ore  and m o re  in  the sphere  of in d ire c t 
s ta t is t ic a l  in fe ren ce  and aw ay fro m  d ire c t observ a tio n  on the m u lti­
tude of qualita tive  d iffe ren c es  th a t c h a ra c te r iz e  objective re a lity . 
T hus econom ic e m p ir ic ism  i s  d ep rived  of any m orpho log ica l b a s is  of 
o b se rv a tio n  and m e asu re m e n t s im ila r  to  those in biology and o th e r 
sc ie n c e s . It is  the g re a t  m e r it  of L e o n tie f  s inpu t-ou tpu t approach  to
have shoen the  p o ss ib il ity  and sig n ifican ce  of such a d ire c t approach
139to  the  econom ic re a lity .
T h is  i s  not to  m ean th a t in d ire c t  s ta t is t ic a l  in fe ren ce  i s  of no 
value to  econom ic e m p ir ic ism . On the  c o n tra ry , in  c e r ta in  c a se s  the 
m ethod of in d ire c t in fe ren ce  m ay  be the only one availab le . The 
p ro b lem  is  th a t "undue and ex c lu siv e  em p h asis  on in d ire c t s ta t is t ic a l  
in fe re n c e  in  som e of the m o re  re c e n t e m p ir ic a l s tu d ies  h a s  a t tim e s  
put on th is  u sefu l, nay  in d isp en sab le , too l of e m p ir ic a l an a ly s is  a 
b u rd en  which i t  ac tu a lly  cannot p o ss ib ly  su sta in .
139A w are of the s ig n ifican ce  of th is  a sp ec t of h is  schem e, 
L eo n tie f w rite s : " in pu t-ou tpu t app roach  is  co nsc iously  a im ed a t con­
c e n tra tio n  of the e m p ir ic a l d a ta -g a th e rin g  phase of econom ic an a ly s is  
on d ire c t  o b se rv a tio n  of the  b a s ic  s t ru c tu ra l  c h a ra c te r is t ic s  of the 
p a r t ic u la r  econom y co n cern ed . A ll i t s  o p era tio n a l p ro p e r tie s  a re  t  
then  d e riv ed  deductively , i. e . , com puted through in se r tio n  of th e se  
p r im a ry  e m p ir ic a l d a ta  in to  a p p ro p ria te  th e o re tic a l g e n e ra l equ i­
lib r iu m  fo rm u lae . " See L eon tie f, "input-O utput A nalysis  and the 
G en era l E q u ilib riu m  T h e o ry ,"  in  B a rn a , pp. 43-44.
140Leontief, Studies in  . . . , pp. 6-7.
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In p rin c ip le  i t  is  p ossib le  to  spec ify  the e m p ir ic a l  com ponents 
of a  th e o re tic a l m odel e i th e r  by m eans of o b se rv a tio n  and m e a s u re ­
m ent o r through  in d ire c t s ta t is t ic a l  in fe ren ce . F o r  exam ple , the 
p roduction  function of som e p a r t ic u la r  in d u s try  can  be obtained 
d ire c tly  th rough  co llec tion  of the re lev an t te ch n ica l, eng in eerin g  
in fo rm atio n  o r i t  can be d e te rm in ed  by w ay of a r a th e r  in tr ic a te  in te r ­
p re ta tio n  of the supply-dem and  re a c tio n s  of the in d u s try . L eon tief 
no tes that:
In the la t te r  case  the re la tio n s  betw een  the data  and 
the unknown v a r ia b le s  becom e ac tu a lly  opposite  to  those  
w hich e x is t in  the  fo rm a l ex p lan a to ry  sch em e . In s tead  
of co n sid e rin g  the tech n ica l p roduction  function a s  known 
and d eriv in g  fro m  i t  the unknown p r ic e  and output re a c tio n  
of the in d u s try , the s ta t is t ic ia n , in  the p ro c e s s  of in d ire c t 
in fe re n c e , ta k e s  the p ric e  and output re a c tio n s  a s  'g iven ' 
and d e riv e s  fro m  them  the unknown shape of the  u n d e r­
lying production  function.
T h is  c o rre sp o n d s  to  the econom ic th e o re t ic ia n 's  in s is ta n c e  th a t 
the exchange p ro c e s s , the m a rk e t re la tio n s , r a th e r  th an  the funda­
m en ta l te ch n ica l da ta  c o n stitu te s  the  a p p ro p ria te  point of d e p a rtu re  
fo r  th e o re tic a l  w o rk s . Thus the m ethod of e co n o m e tric s  i s  shaped  
and conditioned by th a t of econom ic th eo ry . The su c c e ss  of econo­
m e tr ic s  pends a ra d ic a l sh ift of em p h asis  fro m  m a rk e t to  the funda­
m en ta l da ta  in  th e o re tic a l  fo rm u la tio n s , along the  lin e s  su g g ested  in  
the p reced in g  sec tio n s .
14L. . .Ib id . , p. 6.
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' T hese  c r i t ic a l  com m ents on eco n o m etrics  m ay sound stran g e  
in  the face of the much popu larized  " su c c e ss"  of "econom etric  m odels 
of the  U nited S ta tes"  such as  K le in 's  "q u a r te r ly "  m odel, i ts  m odifi­
cation  by the Office of B u sin ess  E conom ics (QBE), the F ro m m  m odel,
and o th e rs . F o rtu n a te ly , the tim e ly  evaluation  of these  m odels by
142S tek le r in  h is  1968 a r tic le  h a s  provided an objective p ic tu re  of the 
s ta tu s  of th ese  m odels. A fte r showing th a t th ese  m odels a re  e sse n tia lly  
no b e tte r  and occasionally  p o o re r  than the so called  naive fo recas tin g  
m ethods, he concludes tha t "the com bination of a ll the r e s u lts  suggests
th a t eco n o m etric  m odels have not been e n tire ly  su ccess fu l in  fo re -
-X ,il43 castin g  econom ic ac tiv ity .
The m ethodolog ically  s tro n g  fea tu re  of the ex isting  eco nom etric  
m a c ro -m o d e ls  is  th a t th ey  take cognizance of two fundam ental c h a ra c ­
te r i s t ic s  of the econom ics s y s te m -- i ts  dynam ic and g en e ra l in te r ­
dependent fe a tu re s - -a n d  a ttem p t to in c o rp o ra te  th ese  in  th e ir  th eo ­
re t ic a l  fo rm u lation . It i s  to  be noted, how ever, tha t i t  is  not a m e re  
recogn ition  of the g e n e ra l in te rdependence  and dynam ic c h a ra c te r  of 
the econom ic sy stem  tha t re n d e rs  an e m p ir ic a l m odel of the econom y 
usefu l as  a p red ic tiv e  dev ice. The im p o rtan t thing is  the specific  
m an n er in  which th ese  fe a tu re s  a re  in c o rp o ra te d  in to  the m odel. The
142H. O. S tek le r, "F o re c as tin g  w ith E conom etric  M odels; 
An E valuation , " E c o n o m e tiic a , Ju ly -O cto b er, 1968, pp. 438-463.
^ ^ V b id . , p. 463.
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u ltim a te  t e s t  is  w hether o r  not the m odel p ro v id es  a s e t of e m p iric a lly  
in v a ria n t s tru c tu ra l  re la tio n sh ip s  w hich a re  suffic ien tly  co n stan t over 
tim e  o r  change p red ic tab ly  enough to  m ake fo rec as tin g  p o ssib le . But 
m a c ro -eco n o m ic  m odels pay lit t le  a tten tion  to  th is  point. T h e ir  in d i­
vidual re la tio n s  involve h ighly  ag g regative  concepts w hich co n sis t of 
trem en d o u sly  he tero g en eo u s co n g lo m era tio n s, com plete ly  su p p re ss in g  
the num erous qua lita tive  d iffe ren tia tio n s  of the  p r im a ry  data. F o r 
exam ple, in  th e ir  36 equation (and 27 id en titie s )  m odel fo r "econo­
m e tr ic  gam ing, " K lein, E v an s, and H a rtle y  apply v a r ia b le s  such as 
144the following:
= co n su m er p u rc h a se s  of au tom obiles and p a r ts
C j  = co n su m er p u rc h a se s  of d u rab le s
co n su m er p u rc h a se s  of nondurab les and s e rv ic e s
Cp = index of cap ac ity  u tiliz a tio n , fu ll cap ac ity  = 100. 0
I = to ta l fixed b u s in e ss  in v estm en t 
P
I . = fa rm  fixed b u s in e ss  in v estm en t 
pi
= m anufactu ring  fixed b u s in e ss  in v estm en t 
K, cap ita l s tock , L . la b o r  fo rce , P I, p e rso n a l incom e, GNP, 
g ro s s  na tiona l p roduct, e tc .
144L . R. K lein , M. K. E vans, and M. H artley , In s tru c tio n
M anual to  accom pany E co n o m etric  Gam ing: A Kit fo r  C om puter 
A nalysis  of M acroeconom ic  M odels, London: The M acm illan  
Com pany, 1969, pp. 9-12.
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W hat c h a ra c te r iz e s  th is  m odel i s  not only the  h ighly  a g g re ­
gative  n a tu re  of i ts  v a r ia b le s  but a lso  the m o r e - o r - le s s  a r b i t r a r y  
d isag g reg a tio n  along in s titu tio n a l r a th e r  than  functional lin e s , follow ­
ing the foo tsteps of national incom e accoun ts . F o r  exam ple the d is ­
tin c tio n s  beb.veen c o n su m e rs ' d u rab le s  and no n d u rab les, fa rm  m anu­
fac tu rin g , n o n -fa rm  and non -m anufac tu ring  in v estm en t, ind ica te  th a t 
the c la ss if ic a tio n  schem e u tiliz ed  lack s  any in i fled b a s is - - s u c h  a s , fo r 
in s ta n ce , the in d u s tr ia l c la ss if ic a tio n  of inpu t-ou tpu t m o d e ls --a n d  
app lies  such w idely  d iffe ren t c r i te r ia  as the degree  of d u ra b ility  of 
goods, s e c to ra l  o rig in , o r u ltim a te  u n e -destina tion  of goods.
The re s u l t  of h e te ro g en e ity  of the aggregative  m e a s u re s  and the 
a sso c ia te d  a r b i t r a r y  c la s s if ic a to ry  schem e in  the m odel show s i ts e lf  
in  s ig n ifican t v a r ia b ility  in  the  q u an titie s  exogenously  e s tim a te d  o r 
endogenously  d e te rm in ed , to  the d e tr im e n t of de te rm in in g  the deg ree  
of e r r o r  involved. K lein and E vans confess to  th is  s e r io u s  w eakness:
. . . E ach  equation  (in the m odel) is  d is tu rb ed  by 
random  e r r o r s ,  but ou r n u m e ric a l e s tim a te s  of the  equations 
re p la ce  e^^ by th e ir  expected  (average) v a lu es , nam ely , z e ro . 
T h is i s  e a sy  enough to  do, although i t  o b scu res  the v a r i ­
ab ility  and deg ree  of re lia b il i ty  of fo re c a s ts .
I t is  com m onplace to  note th a t s ta t is t ic a l  m e a su re s  of ex ­
pec ted  v a lue , like  o th e r s ta t is t ic s ,  a re  w o rth le ss  in  the  absence  of 
sp ec ifica tio n  of the  v a r ia b ility  in  the  population re p re se n te d  by  the
^^^Ib id ,, p. 3,
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given  expec ted  va lue . In the afo rem en tioned  m odel hundreds of such
m e a s u re s  a re  involved in  rep ea ted  com puta tions. I t  w ill indeed  be an 
as to n ish in g  r e s u l t  i f  such m odels tru ly  cam e c lo se  to  s im u la tin g  re a lity .
R e fe rrin g  to  the im p o rtan ce  of specify ing  e r r o r s  in  e m p iric a l 
w o rk s . P r o fe s s o r  M o rg en ste rn  no tes that:
Q ualita tive  d e sc rip tio n  of e r r o r s  i s  an ind ispensab le  
p re lim in a ry  s tep . It m akes p o ss ib le , fo r  exam ple , at 
le a s t  conclusions a s  to  w h e th er c e r ta in  ag g reg a tio n s  o r 
com puta tions would tend  to  cum ulate  o r  to  o ffse t the  e r r o r s .
T h is  would be valuab le  in fo rm atio n  even  if  no fu r th e r  
n u m e ric a l e s tim a te  is  p o ssib le  a t the  m om ent. A pparen tly , 
econom ics would have to  go th rough  a  stage  of such qu a li­
ta tiv e  d e sc rip tio n  in  o rd e r  to  a r r iv e  a t m o re  p re c is e ly  
e x p re s se d  q u an tita tive  m e a su re m e n t of e r r o r s .
Not only m u s t e r r o r s  be m e a su ra b le  but a lso  th ey  m u st be ab­
sen t a s  f a r  a s  p o ss ib le . E r r o r s  of m e a su re m e n t can  be m in im ized  by 
m ean s  of m o re  sy s te m a tic  and c a re fu l p ra c tic e s  w hich im prove  w ith 
e x p e r ie n c e . But e r r o r s  in  the  ac tu a l population  on which m e a s u re ­
m en t is  m ade is  the r e s u l t  of choice of v a r ia b le s , a g g reg a te s , and 
a v e ra g e s . The s tra te g y  of "m odel build ing" should be o rien ted  tow ards 
the  s in g lin g  out of th ose  v a r ia b le s  and re la tio n s  of an econom ic sy stem  
th a t ex h ib it co n s id e ra b le  in v a ria n ce  o r p re d ic ta b ility  of b eh av io r. In 
th e i r  e m p ir ic a lly  d iffe ren tia ted  s ta te s  econom ic phenom ena enjoy 
tre m e n d o u s ly  s tab le  p a tte rn s  in  re la tio n  to  the fundam ental da ta  of
146M o rg e n s te rn ,  On the A ccu racy . . . , p. 53.
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147p re fe re n c e s , technology, and re s o u rc e s . I t i s  when th is  e m ­
p ir ic a l  d iffe ren tia tio n  is  su p p re ssed  th rough  av erag in g  and ag g reg a tio n  
th a t the  in te rre la tio n sh ip s  begin  to  m an ife s t s ig n ifican t e r r o r s ,  o r 
"d is tu rb an ce  te rm s .  " Too often studen t of econom ics a re  g iven the 
im p re s s io n  th a t s izab le  v a r ia b ility  is  an in h e re n t c h a ra c te r is t ic  of 
econom ic v a r ia b le s . T hey  a re  not to ld  th a t i t  depends on the n a tu re  
of the m o d e l's  a b s tra c tio n s  as  sp ec ified  in  the body of v a r ia b le s  and 
equations and id e n titie s  re la tin g  th e se  v a r ia b le s  to g e th e r . C onstancy  
and ob jectiv ity  of the fundam ental se ttin g  of an  econom ic sy s te m  i s  an 
in d isp en sab le  p reco n d itio n  to  the  m o re  o r le s s  o rd e r ly  o bserved  
functioning of the sy s te m . C o n su m ers  and f irm s  u n d e rs tan d ab ly  count 
on such re g u la r i t ie s  and c o n stan c ie s . T hey could not su rv iv e  i f  they  
w e re  to  m ake new, no n -h ab itu a l d ec is io n s  about e v e ry  a sp ec t of th e ir  
econom ic ac tiv ity  ev ery d ay , e v e ry  m onth, o r even e v e ry  y e a r  anew . 
L ea rn in g  often invo lves co st. The w eight of new d ec is io n s  to  be m ade 
in  a  given day in  the econom ic sy s te m  is  in s ig n ifican t re la tiv e  to  the  
m o re  o r  le s s  h ab itu a lized , au tom atic  a c ts  th a t go on by  co n su m e rs  and 
f irm s .
Econom ic th e o ry  h a s  su ffe red  (and i s  s t i l l  su ffering) fro m  an 
illu s io n  of change in  abso lu tio  to  the  ex trem e  of c lo sing  eyes to  th o se  
a sp e c ts  of an econom ic sy s te m  th a t do not change o r do so  only
147See sec tio n  6 of th is  c h ap te r  reg a rd in g  the  notion of in ­
v a ria n ce  in  econom ics.
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g rad u a lly  and m o re  or le s s  p red ic tab ly . To conceive of change as 
abso lu te  is  a no le s s  s e r io u s  m ethodological (and n e c e s sa r ily  
philosophical) e r r o r  than to  id ea lize  constancy  (or lack  of change) as 
the fundam ental c h a ra c te r is t ic  of u n iv e rse , econom ic o r o therw ise .
To seek  an explanation fo r change w ithout at the sam e tim e looking fo r 
exp lanation  of lack  of change is  a fundam ental e r r o r ,  fo r change and 
lack  of change in sep a ra b ly  define e x is te n c e -- th e y  a re  the opposing but 
m utua lly  ind ispensab le  poles of the sam e en tity .
The ta sk  of eco n o m etrics  is  not m e re ly  to  assum e som e 
re la tio n s  betw een a  few econom ic v a ria b le s  but ra th e r  a sy stem a tic  
s e a rc h  fo r e m p ir ic a l in v a r ia n c e s - - fe a tu re s  of econom ic re a li ty  th a t 
a re  re la tiv e ly  c o n s ta n t-- in  te rm s  of which the observab le  changes in  the 
sy s tem  can be explained . L ittle  ex p lic it recognition  of th is  m ethodo­
lo g ica l p rin c ip le  i s  found in  the l i te ra tu re  of e co n o m etrics . In fac t the 
co n sis ten t em p h asis  in  the fie ld  on the u se  of aggregative  m e a su re s  and 
indexes i s  the s u re s t  w ay to  g u aran tee  th a t econom ic v a ria b le s  and 
equations in  eco nom etric  m odels w ill continue to  be c h a ra c te r iz e d  by 
e x tre m e  v o la tility  innocen tly  ca lled  "random  d is tu rb an ces . " The 
n e u tra lity  of th is  te rm  s tands in  sh a rp  c o n tra s t to  the co lo ssa l m ethod­
o log ica l e r r o r s  th a t lie s  behind i t ,  nam ely  the bad choice of v a r ia b le s , 
undue aggregation , and w ide u se  of index num ber. T hese a re  e r r o r s  
of a  s tra te g ic  type. T h e ir rem o v a l re q u ire s  a  ra d ic a l tra n s fo rm a tio n
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of econom ic theory . T his ta sk  goes beyond the conventional lim its  of 
eco n o m etrics .
It is  im p o rtan t to note tha t sim ply  m o re  e ffic ien t econom etric  
m ethods cannot overcom e the fundam ental m ethodological p ro b lem s of 
econom ic th eo ry . It should be rem em b ered  th a t, in  g e n e ra l, econom ic 
m agnitudes a re  g e n e ra lly  m easu rab le  in  th e ir  ac tu a lly  d iffe ren tia ted  
s ta te s  when data a re  co llec ted . Econom ic an a ly s is , how ever, is  
lim ited  to  p u re ly  qualita tive  r e s u l ts .  The d ifficu lty  of quantita tive  
an a ly s is  does not lie  in  the n a tu re  of econom ic fa c ts , fo r  they  a re  fo r 
the m o st p a r t quan tifiab le . I t is  r a th e r  the w eakness of the an a ly tica l 
engine which is  re sp o n sib le  fo r  th is  outcom e.
11. Some M odifying C om m ents 
In d iscu ss in g  the m ethodology of econom ics as an e m p iric a l 
sc ience  and com paring  it w ith the m ethod of o th e r e m p ir ic a l sc ie n c es , 
th is  study is  not seeking  to  e s ta b lish  exact p a ra lle ls  betw een the de­
ta ils  of the m ethods of v a rio u s  d isc ip lin es  co n sid e red . Nothig of the 
s o r t  is  in tended . The spec ific  na tu re  of m ethod, s e t of to o ls , and 
an a ly tica l techn iques of a sc ience  a re  developed in  re sp o n se  to  the 
c h a ra c te r  of the given science  its e lf .  F o r  exam ple, m ic ro sco p e  in  
biology, te lesco p e  in  astro n o m y , and wind tunnels in  av iation  science  
ind ica te  th a t each sc ience  m ake u se  of d ifferen t ex p erim en ta l, o b se r­
vational, and an a ly tica l to o ls , th ese  too ls  being se le c ted  and adapted 
to  the n a tu re  of the phenom ena tha t constitu te  the dom ain of
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in v estig a tio n  of the p a r tic u la r  sc ien ce .
It is  the gen eric  f e a tu re - - a s  opposed to  the p a r tic u la r  c h a ra c ­
t e r i s t i c s - - o f  the e m p ir ic a l sc ie n c e s  th a t is  of in te re s t  to  th is  study. 
The assum ption  adhered  to  is  th a t, although each sc ien ce  h as  i ts  own 
p a r t ic u la r i t ie s  of approach  to the  s tu d y  of phenom ena, th e re  do e x is t 
som e g e n e ra l fe a tu re s  tha t c h a ra c te r iz e  a ll the e m p iric a l sc ie n c e s . 
The in te rp la y  of fac t and logic e x p re sse d  in  the p ro c e sse s  of induction , 
deduction, and reduction  in  the m ethod of e m p ir ic a l sc ien ces  co n s ti­
tu te s  such g e n e ra l fe a tu re s .
A second point to be c la r if ie d  h as  to  do w ith the w idely  p re v a ­
len t view th a t c e r ta in  m acro -eco n o m ic  phenom ena a re  stab le  not b e ­
cause  of s tab ility  in  the underly ing  m ic ro -re la tio n s  but in  sp ite  of 
o b serv ed  in s ta b ility  in  the la t te r .  T h is  i s  e n tire ly  p o ssib le  but the 
e m p ir ic a l ex isten ce  of such re la tio n s  in  econom ics is  to  th is  v e ry  day 
w idely  d ispu ted . The two m o st ta lked  about "co n s tan ts"  in  m a c ro ­
econom ics to d a y --th e  "m u ltip lie r"  and the  "velocity  of m o n ey "--h av e  
p roved  m o re  convenient in  teach ing  econom ics than  in  guiding policy . 
The im p ac ts  of f is c a l  as w ell a s  m o n e ta ry  policy  can be p red ic ted  
only in  te rm s  of d irec tio n  of change, leaving  out the question  of the 
m agnitude of the e ffec t as w e ll as the tim e  du ra tion  betw een the ap p li­
cation  of the policy  m easu re  and the beginning of i ts  im p ac t. F u r th e r ,  
the  p ro c e ss  of d iffusion of the g iven  m e a su re  is  g e n e ra lly  not sp e c i­
fied . The diffusion p ro c e ss  d iscu ssed  in  the i l lu s tra tio n  of the
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m u ltip lie r  is  an e le m e n ta ry  step  in  th is  d irec tio n , and to  th a t ex tent 
i t  does prov ide som e in s ig h t into the n a tu re  of the p ro c e s s .
The point to  note is  tha t even if  th e re  a re  a few fa ir ly  s tab le  
m acroeconom ic  re la tio n s , th is  does not e lim in a te  the need to  exp lain  
th is  s tab ility . I t is  not s tab ility  as  such  but s ta b ility  th a t i s  u n d e r­
stood on one b a s is  o r ano tlier tlia t can be u sefu l in  sc ien ce  in  g e n e ra l 
and in  m acro eco n o m ics  in  p a r t ic u la r .  U nless i t  is  un d ers to o d  w hat 
c au se s  a g iven m acroeconom ic  re la tio n  to be s tab le  one is  n ev e r su re  
w h e th er th is  s ta b ility  can be counted upon in  the  fu tu re  o r  not.
An in te re s t in g  h is to r ic a l  event in  th is  re g a rd  i s  the w idely  
held  p ro g n o stica tio n  of m any  eco n o m ists  during  the W orld  W ar II y e a r s  
th a t w id -sc a le  unem ploym ent would follow the c e s sa tio n  of h o s ti l i t ie s . 
As is  w e ll known th is  p red ic tio n  did not m a te r ia liz e  and su b sequen tly  
i t  w as re a liz e d  th a t the accum ulation  of liquid  a s s e ts  in  the hand of the 
co n su m ers  during  the w a r y e a rs  as w e ll as the pen t-up  dem and fo r 
c o n su m e rs ' durab le  goods w ere  am ong the m a jo r  fa c to rs  th a t "sh ifted" 
the consum ption  function  upw ard . F u r th e r ,  i t  w as re a liz e d  th a t the 
ob serv ed  s ta b ility  of the  function and the high d eg ree  of c o rre la tio n  
betw een incom e and consum ption  is  fu lly  com patible  with an ac tu a lly  
un stab le  function, con tinua lly  sh ifting  i t s  lev e l. T hese  ep isodes in  the 
developm ent of m a c ro -e co n o m ic s  a re  too w ell known to  re q u ire  any 
de ta iled  rep e titio n  o r re fe re n c e s  h e re . The point to  note is  tha t 
s ta b ility  by i ts e lf  is  not su ffic ien t in  o rd e r  fo r  a m acro -eco n o m ic
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re la tio n  to  be valuab le  as a  sc ien tif ic  en tity . In addition , i t  is  n e c e s ­
s a ry  to  know the re a so n s  behind th is  s tab ility .
R eference  is  often m ade to  so c ia l psychology and m o le c u la r  
th e o ry  of g a se s  to draw  a tten tio n  to  the fac t tha t som e phenom ena m ay  
be p red ic tab le  when a  la rg e  n u m b er of people o r  m o lecu les  a re  p r e ­
sen t. In such c a s e s , i t  i s  sa id  th a t the  beh av io r of the  group is  not 
red u c ib le  to  and u n d ers tan d ab le  by m ean s of the beh av io r of ind iv idua ls  
in  the g roup . T h is point i s  not d isp u tab le . But i t  i s  not the lo g ica l 
p o s s ib il ity  o r im p o ss ib ility  of such phenom ena th a t i s  the is s u e . I t i s ,  
r a th e r ,  the  ex ten t to  w hich such  an app roach  b e a r s  fru itfu l e m p ir ic a l 
r e s u l ts .
Thus th is  s tudy  does a ssu m e  a  p r io r i  th a t d isag g reg a tio n  is ,  
b ecau se  of any lo g ica l n e c e s s ity , s u p e r io r  to  the ag g reg a tiv e  app roach . 
R a th er, i t  is  a rg u ed  th a t d isag g reg a tio n  as  a s tra te g y  of th e o ry  fo rm u ­
la tio n  m ay  prove fru itfu l. I t i s  m o re  the question  of em p h asis  on the 
ag g reg a tiv e  v e rs u s  the  d is ag g reg a tiv e  fo rm u la tio n  th a t is  exp lo red . 
N e ith e r app roach  is  to  be abandoned in  fav o r of the  o th e r. If a t tim e s  
the  d iscu ss io n  g ives an em phatic  su p p o rt to  the d is  agg reg a tiv e  ap p roach , 
i t  is  e i th e r  becau se  the  l a t t e r  h a s  b een  e x ce ss iv e ly  overlooked by 
econom ic th e o r is ts  and the  study  finds i t  n e c e s sa ry  to  point th is  out, 
o r  b ecau se  the p a r t ic u la r  d iscu ss io n  le ad s  to  a  conclusion  in  fav o r of 
the  d is  ag g reg a tiv e  approach .
T h e re fo re , w hile the  s tudy  po in ts  out som e of the  p itfa lls  of
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the ag g reg a tiv e  fo rm u la tio n s, by  no m eans does it advocate a com ­
p le te  abandonm ent of the app roach  in  fu tu re  re s e a rc h .
The above argum en t i s - - i n  i ts  e s s e n t ia ls - - a ls o  applicable  to  
the question  of w hether lin e a r  o r  n o n lin ear fo rm u la tions of econom ic 
re la tio n s  is  to  be p re fe r re d . A gain the study does not p ropose that 
one should be abandoned in  favo r of the o ther. Some phenom ena m ay 
lend th e m se lv e s  to  non linear fo rm u la tio n s  w ith good e m p iric a l r e s u lts .  
In som e o th e r a r e a s  a  l in e a r  approx im ation  to  the ac tu a lly  non linear 
re la tio n  observed  m ay sim p lify  the m odel and i ts  com putab ility  s ig n ifi­
can tly . As a m a tte r  of being " c lo s e r  to  re a lity "  n o n linear fo rm ulations 
a re  lik e ly  to  be su p e r io r . T h is is  so b ecau se , in  a fo rm al sen se , non­
l in e a r  fo rm u la tio n s  a re  in fin ite ly  m o re  flex ib le than the l in e a r  ones. 
Indeed , a  l in e a r  fo rm u la tio n  can  alw ays be re g a rd ed  as a sp ec ia l case  
of som e m o re  in c lu s iv e  n o n lin ear fo rm ulation . But since  w hen the 
n u m b er of independent re la tio n s  in  a m odel is  la rg e  the ex isten ce  of 
n o n lin e a ritie s  is  v e ry  tro u b leso m e both m a th em atica lly  and com ­
pu ta tio n a lly , i t  i s  often n e c e s sa ry  to  r e s o r t  to lin e a r  fo rm u la tio n s, 
fo r  the  choice is  re a lly  betw een a  lin e a r  approx im ation  m odel that 
can  be s ta t is t ic a l ly  specified  and a non linear one th a t cannot. If the 
n o n lin ea r sy s tem  could be so lved , conceivably  it would give b e tte r  
r e s u l ts ,  but the p ro b lem  is  th a t i t  cannot be solved.
Thus the study ex p lo res  som e of the p itfa lls  of n o n linear 
fo rm u la tio n s  in  econom ics, not denying th a t such fo rm u la tio n s  m ay
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at tim e s  be the only accep tab le  ones. A gain the p rob lem  is  not th a t of 
excluding one of the two fro m  econom ics. R a th e r i t  is  the sh ift of 
em p h asis  th a t is  of in te re s t .
12. An O verview  
In th is  r a th e r  lengthy c h ap te r m any a sp e c ts  of m ethodology 
of the  econom ic sc ien ce  have been  exam ined . The scope and v a r ie ty  
of to p ic s  re n d e rs  a m eaningful and concise  su m m ary  of the ch ap te r 
im p o ssib le . A sch em atic  su m m ary  is  p rov ided  in  the in troduction  
sec tio n . It is  n e c e s sa ry  to  have an overview  of the h igh ligh ts of the 
c h ap te r  in  o rd e r  to  sp ec ify  e x p lic itly  i ts  re la tio n sh ip  w ith the r e s t  of 
the study fo r the sake of a  quick re fe re n c e . T h is sec tio n  a im s at 
p rovid ing  such an overview .
T h e o re tic a l w ork  in  an e m p ir ic a l sc ience  a im s at d iscovering  
v a rio u s  types of " o rd e r"  in  th a t s c ie n c e 's  dom ain of in q u iry . O rd e r 
m ay  be of a s im p le  type such as  th a t w hich enab les m en to  com prehend 
th ings around them . I t  m ay  be of a m o re  com plex kind such as " ca u sa l 
o rd e r . " I t m ay  be s t i l l  m o re  com plex such those  e x p re sse d  in  
e lab o ra te  sc ien tific  th e o r ie s . But the  g e n e ric  fea tu re  of a ll these  
(and o ther) types of o rd e r  is  the concept of in v a ria n ce .
By in v a rian ce  is  not n e c e s s a r i ly  m ean t absolu te lack  of 
change such a s  i s  im p lied  in  m a th em atica l in v a rian ce . It is  r a th e r  
re la tiv e  in v a rian ce  th a t i s  of re lev an ce  in  e m p ir ic a l sc ie n c es . H ere
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c e r ta in  a sp ec ts  of re a l i ty  change m uch s lo w er than o th e r a sp ec ts , 
and at tim e s  the d irec tio n  a n d /o r  m agnitude of th e ir  change is  p re ­
d ic tab le . F o r  exam ple the technology of a so c ie ty  is  c h a ra c te r iz e d  
by a trem endous in e r t ia .  P ro c e s s e s  a re  continually  re fin ed , m odified , 
and im proved , but th is  re fin em en t, m odification , and im provem en t 
occur (1) re la tiv e ly  a t a  slow pace , and (2) in  a  m o re  o r  le s s  p re ­
d ictab le  fash ion . I t  is  tru e  tha t the dynam ic technology of a m odern  
econom y is  continually  feeding on a s tre a m  of new inventions and in ­
novations w hich con tinually  tend to  change i t s  p re se n t fe a tu re s . But, 
re la tiv e  to the co lo ssa l num ber of p ro c e sse s  th a t go on fo r  the tim e  
being in  th e ir  ex is tin g  m an n er, th ese  changes a re  r a th e r  sm all. 
F u r th e r , m any inventions and innovations w ait fo r som e tim e a f te r  
th e ir  d isco v e ry  befo re  being ac tu a lly  in troduced . T h is m akes p re ­
d iction p ossib le  in  p rin c ip le .
S im ila r in v a ria n ce s  w ere  d iscu ssed  in  re la tio n  to  p re fe re n c e s  
and n a tu ra l re s o u rc e s . Thus i t  can be seen  th a t econom ics is  w ell 
endowed with an ap p rec iab le  d eg ree  of in v a rian ce  in  i ts  fundam ental 
data  of technology, p re fe re n c e s , and re so u rc e s .
But th ese  e m p ir ic a l in v a rian ces  re s id e  in  the v a s t qualita tive  
d ifferen tia tio n  of techno log ica l p ro c e s s e s , p eo p le 's  p re fe re n c e s , and 
n a tu ra l (and o th e r types of) r e s o u rc e s . I t follow s th a t econom ic 
th eo ry , if i t  is  to  take advantage of th e se  e m p ir ic a l in v a ria n ce s  as a 
sp rin g b o ard  fo r  p red ic tio n  and th e o re tic a l reaso n in g  in  g e n e ra l, m u st
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be fo rm u la ted  in  such a  m an n er th a t i t  would allow fo r v a s t q u a li­
ta tiv e  d iffe ren ces  ac tu a lly  o b serv ed . In o ther w ords r e s o r t  m u st be 
m ade to the fo rm u la tio n  of h igh ly  d isag g reg a tiv e  m odels such a s  those 
of W a lra s , von N eum ann, and L eon tief.
H ow ever th e o re tic a l d isag g reg a tio n , though a n e c e s s a ry  s tep , 
is  not su ffic ien t fo r  th is  p u rp o se . In addition to th is  the s tru c tu re  of 
the th e o re tic a l m odel m u st re f le c t  e m p ir ic a l in v a ria n c e s , the e lem en ts  
of the  th eo ry  m u st be r a th e r  s tab le . The concept of p ro c e s s , which is  
the m o st e lem en ta ry  notion in  the m odels  of L eon tief and von N eum ann 
and i s  d ire c tly  involved in  the d e te rm in a tio n  of the s tru c tu re  of th ese  
m o d e ls , s a tis f ie s  th is  re q u ire m e n t. The W alras ia n  m odel, how ever, 
w hich has  as i ts  e le m e n ta ry  re la tio n s  the supply  and dem and equations 
fo r  v a rio u s  com m odities  fa ils  to  com ply  w ith th is  re q u ire m e n t because  
the m a rk e t re la tio n s  involved  h e re  a r e ,  in  g e n e ra l, v e ry  vo la tile  and 
e m p ir ic a lly  d ifficu lt, not to  say  in  c e r ta in  c a se s  im p o ss ib le , to  specify  
qu an tita tive ly .
The p a r t ia l  eq u ilib riu m  th e o ry , in  addition to  i t s  focusing on 
the v o la tile  m a rk e t r e la tio n s , a lto g e th e r a b s tra c ts  from  the notion of 
econom ic in te rd ep en d en ce  and the concep t of econom ic s tru c tu re  which 
a re  c e n tra l  to  the g e n e ra l eq u ilib riu m  m o d e ls . Since econom ic in te r ­
dependence is  an e s s e n tia l ,  not to  s a y  the in n e rm o s t, c h a ra c te r is t ic  
of the econom ic phenom ena, i t  is  in ev itab le  tha t p a r tia l  eq u ilib riu m  
an a ly s is  should  lead  to  quan tita tive  in d e te rm in a cy  in  a n a ly s is .
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lim itin g  i ts e lf  to  c e r ta in  t r iv ia l  o r doubtful q ua lita tive  re s u l ts .  Thus 
identify ing the m ethod of econom ic an a ly s is  w ith p a r t ia l  eq u ilib riu m  
m eans the liqu idation  of econom ics as  a quan tita tive  d isc ip lin e .
F u r th e r , s in ce  p a r tia l  equ ilib riu m  a n a ly s is  a b s tra c ts  from  the 
in te rdependence  of econom ic phenom ena and s in ce  taxonom ic w ork  in  
e m p iric a l econom ics m u st n e c e s s a r i ly  c e n te r  around the c h a ra c te r is t ic  
of in te rdependence  of da ta , i t  follows th a t dependence on p a r i ta l  an a ly s is  
d iv e rts  a tten tion  fro m  sy s te m a tic  w ork  in  e m p ir ic a l econom ics, by­
p a sse s  the " n a tu ra l-h i  s to ry "  s tage  of the sc ien ce , and p re m a tu re ly  
s tep s  in to  the second stage of deductive th e o ry  fo rm atio n . But be­
cause  of th is  se v e rin g  of t ie s  with th e ir  e m p ir ic a l b a se , th e o rie s  
deg en e ra te  in to  fa n ta s tic  sub jec tive  c o n s tru c ts . M ethodological 
id e a lism , th e o re tic a l  typ icaK sm , and ag g regation  em erg e  as  funda­
m en ta l c h a ra c te r is t ic s  of the  eco n o m is t's  approach  to  the u n d e r­
stand ing  of the r e a l  econom ic sy s tem . T h ere  e m erg es  a wide gap
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betw een th e o ry  and the  r e a l  w o rld . E conom ic th e o ry  and econom ic 
e m p ir ic ism  d ev e lo p .th e ir  own m ethods independently  of one ano th er. 
E ach  i s  confined to  i t s  own incom plete  and n e c e s s a r i ly  lim ited , not 
to  say  u s e le s s ,  a n a ly s is . One r e s o r ts  to  index n u m b e rs , a v e ra g e s , 
and ag g re g a te s , w hile the o th e r b u s ie s  i ts e lf  w ith  p u re ly  deductive 
c o n s tru c ts  w ith heavy  doses of the  notions " ty p e ,"  " id eal"  sy stem , 
e tc . In  sh o rt, th e re  develops a  fundam ental d ichotom y in  econom ics 
sep a ra tin g  the d isc ip lin e  in to  the two co m p artm en ts  of th e o re tic a l
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and e m p ir ic a l in q u iry , though the ta sk  is  the d ire c t opposite of th is , 
nam ely , the p e rp e tu a l in te rp la y  betw een fac t and th eo ry  through the 
m edium  of induction , deduction, and reduction , fu r th e r  induction, 
deduction, red u c tio n , ad in fin itum .
Thus the r a th e r  com m onplace observation  tha t taxonom ic w ork 
in  econom ics has a ttra c te d  a tten tion  fa r  below a degree  com m ensura te  
w ith i ts  im p o rtan c e , and th a t such (taxonom ic) w ork is  an e sse n tia l 
s tep  in  the evolu tion  of econom ics as  an e m p iric a l sc ien ce , th is  study 
h as  re a ch e d  the  in te re s t in g  conclusion  th a t the absence of in te re s t  in  
taxonom ic w ork , f a r  fro m  being acc id en ta l, is  a n e c e s sa ry  conse­
quence of the g e n e ra lly  accep ted  and popu larized  m ethod of p a rtia l 
eq u ilib riu m  a n a ly s is  w ith i ts  a sso c ia te d  fe a tu re s  of m ethodological 
id e a lism  and th e o re tic a l  ty p ica lism . Thus the above com m onplace 
o b serv a tio n  h as  re v e a le d  the s ign ifican t re s u lt  th a t th e re  e x is t som e 
fundam ental m ethodo log ical p ro b lem s th a t tend to  im pede the  develop­
m en t of econom ics a s  an e m p ir ic a l sc ien ce , and th a t the ignoring  of 
sy s te m a tic  c la s s if ic a to ry  w ork in  the sc ien ce  is  only one of the 
m an ife s ta tio n s  of th e se  fundam ental m ethodological p rob lem s.
In  th is  and the  p reced in g  two c h ap te rs  the p rob lem  of c la s s i­
fica tio n  and ag g reg a tio n  h as  been  em bedded in  a m ethodologico- 
ph ilo soph ical fram ew o rk . I ts  sign ificance  l ie s  in  the fac t tha t i t  
c o n s titu te s  the b rid g e  betw een the w ord  of face and tha t of tlieory .
In  the following four c h ap te rs  the p rob lem  w ill be studied
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w ith re fe re n c e  to  two spec ific  an a ly tica l fram ew o rk s in  o rd e r  to  
exp lo re  its  an a ly tica l s ign ificance , a ttem pting  to  give a rig o ro u s  
m a th em atica l spec ifica tio n  to  i t  w henever p o ssib le . The two fra m e ­
w orks chosen  a re  those  of K eynes and Leontief,
S ev era l co n sid e ra tio n s  have m otivated  the choice of these  
two fram ew o rk . O nly som e of them  w ill be r e f e r re d  to  a t th is  point;
V ery  lit t le  is  availab le  in  l i te ra tu re  in  the m anner of tre a tin g  
the d e sc rip tiv e -acco u n tin g  a sp e c ts  of the two in  a  unified fash ion  as  
su b sy s tem s of a  m ore  inc lu sive  fram e  of so c ia l accounting. T his is  
done in  the next ch ap te r.
The p rob lem  of aggregation  and c la ss if ic a tio n  w ithin the 
fram ew o rk  of inpu t-ou tpu t an a ly s is  h as  been rev iew ed by se v e ra l 
au tho rs  but th e se  a re  u su a lly  frag m e n ta ry , overlapping , and con­
cern ed  w ith one o r an o th er a sp ec t of the  p ro b lem , not tre a tin g  a ll i ts  
a sp ec ts  s im u ltan eo u sly  ag a in s t the background of a  unified  th e o re tic a l 
fram ew ork .
The m ethodological im p lica tio n s  of the p rob lem  h as  rece iv ed  
no sy s tem a tic  tre a tm e n t, being lim ited  to  a few sh o rt p assag es  
s c a tte re d  h e re  and th e re  in  the w orks of P ro fe s s o r  Leontief.
O th er re a so n s  fo r the choice of K eynesian  and L e o n tie f  s 
sy s te m s  w ill be g iven as th e se  a re  in tro d u ced  in  the  following 
c h ap te rs .
PART II
CHAPTER IV
FUNDAJMENTAL ID ENTITIES OF NATIONAL INCOME 
AND IN PU T-O U TPU T ACCOUNTING
Input-O utput and N ational Incom e A ccounting a re  both con­
c ern ed  w ith p rov id ing  a fram ew o rk  fo r  re c o rd in g  of fac ts  about the 
n a tiona l econom y in  a  c o n sis te n t m an n er and in  such a way tha t the 
in te rre la tio n sh ip s  am ong the com ponent g roups of fac ts  a re  exhibited  
in  an o rd e r ly  fash ion . T hus, they  both a im  a t d esc rib in g  the national 
econom y qu an tita tiv e ly . To do so , th ey  both engage in  h e ro ic  a g g re ­
gations of fa c ts . But the d eg ree  of ag g reg a tio n  d iffe rs  betw een the 
tw o. In  fa c t, a s  d e sc rip tiv e -acco u n tin g  sch em es, the p rin c ip a l d iffe r­
ence betw een the two i s  the  g re a te r  am ount of in fo rm atio n  which is  
re a d ily  obtainable fro m  the le s s  ag g reg a ted  fram ew ork ; nam ely , the 
Input-O utput sy stem .
M ore sp ec ific a lly , the N ational Incom e fram ew ork  concen­
t r a te s  on the ite m s  of " fin a l dem an d "--co n su m p tio n , in v estm en t, ne t 
e x p o rts , and governm ent e x p e n d itu re s --a n d  e lim in a te s  the
261
262
" in te r in d u s try  dem and"^ as  "double co u n tin g ."  In c o n tra s t to  th is , 
the Input-O utput fram ew o rk  a ttem p ts  a t m easu rin g  the in te r in d u s try  
flow of goods and s e rv ic e s . Indeed, the in te r in d u s try  flow s constitu te  
a  m a jo r portion  of the data  co llec ted  fo r  Input-O utput accounting 
sy s te m s .
As a re s u lt  of d isag g reg a tin g  the national econom y in to  a 
num ber of com ponent in d u s tr ie s , the ite m s  of fina l dem and a re  b roken  
in to  a n u m b er of com ponents, each  of which shows the sh a re  of a 
p a r t ic u la r  in d u s try  fo r  the given ite m  of fina l dem and. S im ila rly , the 
"value added" fo r  the  econom y a s  a  whole is  b ro k en  in to  the c o n tr i­
butions of the v a rio u s  in d u s tr ie s . F o rm a lly , i t  is  alw ays p o ssib le  to  
obtain the N ational Incom e a g g reg a te s  fro m  an inpu t-ou tpu t tab le .
T hese  a g g reg a te s  a re  re a d ily  availab le  in  the tab le  and no add itional 
ca lcu la tio n  i s  n e c e s sa ry .
The co n v erse  is  not tru e , how ever. One cannot d isag g reg a te  
the N ational Incom e a g g re g a te s  in to  the  in d u s tr ia l com ponents w ithout 
going back  to  the p r im a ry  da ta  fro m  w hich the ag g reg a te s  w ere  d e riv ed . 
In fac t, to  obtain  in fo rm atio n  on in te r in d u s try  flow s of goods and 
s e rv ic e s ,  m o re  p r im a ry  da ta  a re  n e c e s sa ry  than  th o se  u tiliz ed  fo r 
deriv ing  the N ational Incom e ag g re g a te s .
In  som e co u n trie s  na tiona l incom e and inpu t-ou tpu t
^This is  r e f e r r e d  to  as  " in te rm ed ia te  p ro d u c ts"  in  the 
N ational Incom e te rm in o lo g y .
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accoun ting  developed independently . The need fo r unifying the two is  
acknow ledged by m any s ta t is tic ia n s  in  the two fie ld s . I t i s  fe lt tha t 
although the two fram ew o rk s a re  designed  to  se rv e  d ifferen t an a ly tica l 
p u rp o se s , they  have im p o rtan t po in ts in  com m on. Some of th ese  w ere  
m entioned  e a r l ie r  in  g e n e ra l te rm s . M ore spec ifica lly : (i) both 
sy s te m s  a im  a t giving an o v e ra ll p ic tu re  of the econom y; (ii) in  both 
c a se s  the m ethod is  to re c o rd  tra n sa c tio n s  taking p lace betw een 
s e c to rs ;  and (iii) m any e n tr ie s  in  the two a re  id en tica l. "In  p r in ­
c ip le , " as  A ukrust o b se rv es , " inpu t-ou tpu t accounts m ay be thought
2
of a s  an ex tension  of a national accounting sy stem  (o r v ice v e r s a ). "
The u sefu ln ess  of un ifica tion  is  a lso  obvious from  an an a ly tica l 
poin t of view . F o r  exam ple, i t  would allow an input-output production  
m odel to  be linked up w ith tra d itio n a l m acroeconom ic  m odels of equ i­
lib r iu m  and grow th.
T h is  ch ap te r is  concerned  w ith the d e riv a tio n  of the funda­
m en ta l accounting id e n titie s  of the  Input-O utput and N ational Incom e 
m o d e ls . The developm ent of each  w ill be u n d ertaken  in  such a way 
th a t the  co m p ariso n  betw een the two w ill be fa c ilita ted . The approach 
tak en  by  Stone and C ro ft-M u rray  is  m o s t suggestive  in  th is  re g a rd
2
Odd A ukrust, " P rin c ip le s  of N ational A ccounting, " The 
S tru c tu ra l  In terdependence  of the Econom y; p roceed ings of an in te r ­
n a tio n a l con ference  on Input-O utput A n a ly sis , V erna, Ju n e -Ju ly ,
1954, ed. T ib o r B arn a , New Y ork: John W iley and Sons, In c .,
1955, p . 214.
264
and w ill be followed h e re  excep t fo r the in tro d u c tio n  of a  d iffe ren t 
s e t  of no tations w hich w ill p rove  m ore  e ffic ien t in  the th e o re tic a l 
d iscu ss io n  in  the la te r  c h a p te rs ,
1. A G en era l F ram ew o rk  fo r Social A ccounting 
Stone and C ro ft-M u rra y  have suggested  a fram ew o rk  fo r  so c ia l 
accounting which, in  i ts  s im p le s t v e rs io n , can be re p re se n te d  by m eans 
of a flow c h a r t. A tra n s la tio n  of the fram ew o rk  fro m  d iag ram m atic  to  
sym bolic  re p re se n ta tio n  by the u se  of m a tr ix  notation  m ak es i t  p o ssib le  
to  dep ict an even  m o re  de ta iled  and m o re  com plex d e sc rip tio n  of the 
econom y. W hereas the  f lo w -ch a rt re p re se n ta tio n  gets  com plicated  
v e ry  quickly as  the num ber of the  in te r re la te d  s e c to rs  of the econom y 
in c re a s e s , the  m a tr ix  no tation  p re s e rv e s  i t s  s im p lic ity  independently
3
of the  degree  of d e ta ils  involved in  the accounting sy stem .
In the following sec tio n s , f i r s t  a flo w -ch a rt (o r analogue)
re p re se n ta tio n  and then  a  m a trix  (or sym bolic) re p re se n ta tio n  of a
4
g e n e ra l so cia l-acco u n tin g  fram ew o rk  w ill be in troduced .
3
R ich ard  Stone and G iovana C ro ft-M u rray , Social A ccounting 
and Econom ic M odels, London: Bowes and Bow es, 1959, pp. 12-19.
4
Follow ing Ackoff and S asien i, a flo w -ch a rt d e sc rip tio n  of the 
econom y m ay be ca lled  an analogue m odel and the m a tr ix  re p re s e n ­
ta tion  a  sym bolic  m odel. "A nalogues u se  one se t of p ro p e r tie s  to  
re p re s e n t  an o th er s e t of p ro p e r tie s . C ontour lin e s  on a m ap, fo r  
e x a m p le ,. a re  analogues of e levation . A hy d rau lic  sy s te m  can  be 
u sed  a s  an analogue of e le c tr ic a l ,  tra f f ic , and econom ic s y s te m s . "
In fac t, a  h y d rau lic  analogue of the B ritish  econom y h a s  been
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A. Sim ple A nalogue--C losed  Econom y 
A ssum e th a t fo r each  tra n s a c to r  in  the econom y a se t of th re e  
u n ifo rm  accounts a re  availab le : one re la tin g  to  the tra n sa c tio n s  in ­
volved in  p roductive ac tiv ity , one re la tin g  to  the use of the gain from
5
productive  ac tiv ity , and one re la tin g  to  cap ita l tra n sa c tio n s . If each  
account is  conso lidated  o ver a ll t r a n s a c to rs ,  then th re e  consolidated  
national accounts a re  obtained: p roduction , consum ption, and accum u­
la tio n  (or cap ita l tra n sac tio n s ) accounts.
F ig u re  1 i l lu s tr a te s  th is  accounting s tru c tu re . The accounts 
a re  re p re se n te d  by boxes; and the tra n sa c tio n s  betw een them , e x p re s ­
sed  as  flows of m oney, a re  re p re se n te d  by a rro w s .
The box labeled  "production" re p re se n ts  the productive  ac tiv ity
developed by the London School of E conom ics w hich can s im u la te  the 
e ffec t of such po licy  m e a su re s  a s  devaluation of the pound, changing 
of the  tax  ra te , e t c , , on the econom y.
"Sym bolic m odels u se  le t te r s ,  n u m b ers , and o th er sym bols to 
re p re s e n t  v a r ia b le s  and the re la tio n sh ip s  betw een them . H ence, they  
a re  the m o st g en e ra l and m o st a b s tra c t  type of m odel. " R u sse l L . 
A ckoff and M aurice  W. S asien i, F undam enta ls  of O perations R e se a rc h , 
New Y ork; John W iley and Sons, I n c . ,  1968, pp. 60-61.
g
With re g a rd  to  the  te rm  " tra n sa c tio n "  A ukrust m akes an 
in te re s t in g  observation : "My feeling  is  th a t the e lem en ts  we a re  
c lass ify in g  and m easu rin g  in  nationa l acco un ting --and  in  input-output 
w ork  a s  w e l l- - a r e  not in  fac t tra n sa c tio n s  ( in te rp re te d  as  actions o r 
ev en ts), but econom ic o b jec ts . He does not, how ever, m ake u se  of 
th is  d is tin c tio n  in  h is  d iscu ss io n  of na tiona l accounting due to  "a  con­
cess io n "  th a t he is  w illing to  extend to  " tra d itio n a l te rm ino logy . "
A ukrust, p. 206.
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of the whole econom y and m ay  be thought of as  a  conso lidated  p ro d u c ­
tion  s ta tem e n t fo r  a ll  the b u s in e sse s  in  the econom y. T hese b u s i­
n e s s e s  obtain  th e ir  revenue  p a r tly  fro m  se lling  com m odities fo r  the 
purpose  of consum ption , in d ica ted  by the a rro w  c a r ry in g  m oney fro m  
"consum ption" to  "p ro d u c tio n ,” and p a r tly  by se llin g  cap ita l equ ip­
m ent and s im ila r  in v estm en t goods fo r the purpose  of accum ulating  
w ealth , in d ica ted  by the second flow of m oney in to  "p roduction . " To 
show the s a le s  of ind iv idual b u s in e sse s  to  one an o th er, an a rro w  would 
s ta r t  fro m  "p roduction" and re tu rn  to  i t .  T hese  s a le s  a re  ig n o red  fo r 
the m om ent.
The whole p ro ceed s  of s a le s  by "production" a re  paid  out as 
incom e to  the fa c to rs  of p roduction  in  the fo rm  of w ages, s a la r ie s ,  
p ro f its , in te r e s t ,  o r  re n t and a re  shown in  the d iag ram  by m eans of 
an a rro w  pointing fro m  "p roduction" to  "consum ption . "
The two flow s em anating  fro m  "consum ption" show th a t the 
w hole of fa c to r  incom e is  a llo ca ted  betw een spending and saving .
Note th a t "consum ption" a p p ea rs  in  two d ifferen t m eanings in  the 
d ia g ra m . One tim e  i t  r e f e r s  to  a s e c to r  of the  econom y, the con­
s u m e rs ' s e c to r .  A no ther tim e  i t  r e f e r s  to  a  flow of "consum ption  
ex p en d itu re s ' fro m  the c o n su m e rs ' s e c to r  to  the p roduction  s e c to r .
The re a so n  fo r u s in g  "co n su m p tio n "sec to r r a th e r  than  the m o re  
com m on te rm in o lo g y  " c o n s u m e rs '"  s e c to r  is  th a t co n su m ers  a re  
a lso  p ro d u c e rs  a s  w ell as a cc u m u la to rs . T h e re fo re  the te rm  is
F ig . 1 , --S im p lif ied  Flow D iag ram  fo r a C losed Econom y
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S av in g
C onsum ption e x p e n d i t u r e s
C a p i t a l  e x p e n d i t u r e s  
on r e a l  a s s e t s
P r o d u c t io n
Consumption
A ccu m u la tion
Richard Stone and Giovana Croft-Murray, Social Accounting and
Economic Models (London: Bowes and Bowes, 1959), p. 12.
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am biguous in  a  functional sen se . H ow ever, the te rm  "consum ption" 
s e c to r  r e f e r s  to  the p a r tic u la r  function of c o n s u m e rs - - th e ir  function 
only as  co n su m ers  but not as  p ro d u c e rs  a n d /o r  s a v e rs . Since 
"production" pays out the whole of i ts  s a le s  p ro ceed s  to  "consum ption" 
and since "consum ption" dnddes i t s  incom e beb.veen spending and sav ­
ing, i t  follows th a t sav ing  is  id e n tic a lly  equal to  cap ita l expend itu re  on 
r e a l  a s s e ts  (or inv estm en t). The following two independent re la tio n ­
sh ips su m m arize  the above d iscu ssio n ;
(4 .1 ) Y s C + S
(4 .2 ) S = I
w here:
Y = incom e paid to fa c to rs  of production  
C = c o n su m e rs ' expenditu re  on goods and se rv ic e s  
S = saving (o r incom e not consum ed)
I = in v estm en t 
(4 .1 ) and (4. 2) im p ly  tha t
Y = C + I
B. A Sim ple A nalogue--O pen  Econom y 
Now, d iag ram  1 m ay be extended to  exhibit an accounting 
s tru c tu re  fo r an open econom y by adding a  box w hich is  ca lled  " r e s t  
of the w o rld , " th a t i s  the to ta lity  of o th e r econom ies w ith w hich the
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econom y in  question  is  connected (F igure  2).
T his d iag ram  p a r tia lly  rep ro d u ces  F ig u re  1. The new fe a tu re s  
a re  flows into and out of the " r e s t  of the w orld" box, showing the expen­
d itu re  on im p o rts , and a "link" betw een "accum ulation" and the " r e s t  
of the w orld , " accounting fo r  net lending (or borrow ing) abroad  due to 
d isp a r ity  of im p o rts  and ex p o rts  o r  o th e r c au se s . The d iag ram  r e p re ­
sen ts  a s itu a tio n  when the coun try  under co n sid e ra tio n  has a favorable  
balance  on c u rre n t accounts w hich i t  lends to  o th e r co u n trie s .
The case  of an open econom y can be su m m arized  by m eans of 
the following id en titie s :
(4 .4 ) Y = C + S
(4 .5 ) S = 1 + L
(4 .6 ) X = M + L
w here  the new sym bols X , M, and L designate  e x p o rts , im p o r ts , and 
ne t lending ab road , re sp ec tiv e ly . R elation  (4. 5) in d ica te s  th a t the 
saving  of the coun try  finances both dom estic  in v estm en t and the  am ount 
w hich i t  lends ab ro ad . E quation (4. 6 ) shows th a t the value of ex p o rts  
of the given coun try  is  equal to  the value of i ts  im p o rts  p lus the am ount 
w hich i t  lends ab road .
Equations (4 .4 ), (4 .5 ) ,  and (4 .6) to g e th e r im p ly
(4 .7 ) Y = C + I + X - M
F ig . 2 . --S im p lif ied oen Econom y




P r o d u c t io n
Consum ption
e x p e n d i t u r e s
C a p i t a l  e x p e n d i t u r e s  




rW C a. & t  A Û
Revenue from e x o o r t ;
Richard Stone and Giovana Croii-Marra ,
Economic Models (London: Bowes ana oowt-s. L
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econom y  in  q u estio n  is  co n n ec ted  (F ig u re  2).
T h is  d ia g ra m  p a r t ia l ly  re p ro d u c e s  F ig u re  1. T he new fe a tu re s  
a r e  flow s in to  and out of the  " r e s t  of the w o rld "  box, show ing the  ex p en ­
d itu re  on im p o r ts ,  and a " lin k "  b e tw een  "accu m u la tio n "  and  the " r e s t  
of the w o rld , " acco un ting  f o r  n e t lend ing  (o r b o rro w in g ) a b ro ad  due to  
d is p a r i ty  of im p o r ts  and e x p o r ts  o r  o th e r  c a u s e s . The d ia g ra m  r e p r e ­
s e n ts  a  s itu a tio n  w hen the c o u n try  u n d e r c o n s id e ra tio n  h as  a  fav o rab le  
b a lan c e  on c u r r e n t  a cco u n ts  w hich  i t  len d s  to  o th e r  c o u n tr ie s .
T he c a se  of an  open e c o j j^ ^ ^ ^ a n  be s u m m a riz e d  b y  m e an s  of 




w h e re  the  new sy m b o ls  e x p o r ts ,  im p o r ts ,  and
n e t lend ing  a b ro a d , r e s p e c tiv e ly . R e la tio n  (4. 5) in d ic a te s  th a t  th e  
sav in g  of the  c o u n try  f in a n c es  both  d o m e s tic  in v e s tm e n t and  th e  am ount 
w hich i t  le n d s  a b ro a d . E q u a tio n  (4. 6 ) show s th a t  the  v a lu e  of e x p o r ts  
of the  g iven  co u n try  i s  e q u a l to  th e  v a lu e  of i t s  im p o r ts  p lu s  th e  am ount 
w hich i t  le n d s  a b ro ad .
E q u a tio n s  (4. 4), ( 4 . 5), and (4. 6 ) to g e th e r  im p ly
(4 .7 ) Y = C + I + X - M
F ig . 2. - -S im p lif ie d  F low  D ia g ra m  f o r  an  O pen E conom y
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E x p e n d i t u r e  on im p o r t s
Income
p aym en ts
C o n su m p tio n
e x p e n d i t u r e s
S a v in g
N e t  l e n d i n g  
a b ro a d
C a p i t a l  e x p e n d i t u r e s  
on r e a l  a s s e t s
P r o d u c t i o n
C o n su m p tion
A c c u m u la t io n
R e s t  o f  t h e  
w o r ld
R even u e  from  e x p o r t s
Richard Stone and Giovana Croft-Murray, Social Accounting and
Economic Models (London: Bowes and Bowes, 1959), p. 15.
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w hich  shov/s th a t  in co m e  p a y m en ts  a r e  eq u a l to  co n su m p tio n  e x p en ­
d i tu r e s  p lu s  c a p ita l  e x p e n d itu re s  on r e a l  a s s e ts  p lu s  the  e x c e s s  of the  
v a lu e  of e x p o r ts  o v e r  the  v a lu e  of im p o r ts .
C . A C o m p le te  A nalogue
T he acco u n tin g  s y s te m  can  be m ade m o re  r e a l i s t ic  b y  in c lu d in g  
in d ir e c t  ta x e s ,  c u r r e n t  t r a n s f e r s  a b ro a d , c a p ita l  t r a n s f e r s  a b ro a d , and 
d e p re c ia tio n  a llo w an c e s . T h is  r e s u l t s  in  F ig u re  3, w hich  sh o u ld  be 
in te r p r e te d  in  th e  sam e  m a n n e r  a s  F ig u r e s  1 and 2.
D. M a tr ix  R e p re s e n ta tio n
T he  d ia g ra m m a tic  r e p r e s e n ta t io n  fo llow ed  so  f a r  i s  c l e a r  and 
u s e fu l b e c a u se  th e  n u m b e r of a cc o u n ts  to  be  re p re s e n te d  w e re  s m a l l .
I f  one t r i e s  to  r e p r e s e n t  a la rg e  s e t  of a cc o u n ts  in  th is  w ay  i t  i s  im ­
p o s s ib le  to  p re v e n t the  l in e s  f ro m  c ro s s in g  and  the r e s u l t  i s  v is u a l  
co n fu s io n . In  su ch  c a s e s ,  th e  m a tr ix  p re s e n ta t io n  i s  m o s t u s e fu l.
H e re  th e  e n t r ie s  a r e  s e t  out in  ro w s  and  co lu m n s in  a  r e c ta n g u la r  
ta b le .  T he  m a tr ix  fo rm a t c o r re sp o n d in g  to  F ig u re  3 i s  g iv en  in  
T a b le  1.
T he f ig u re s  in  e a c h  row  (in d ica te d  by  m e a s u re  in co m in g  
flo w s, w h ile  th o se  in  each  co lu m n  m e a s u re  the  outgoing flo w s. F o r  
e x a m p le , th e  e n t r ie s  in  the  f i r s t  row  r e p r e s e n t  the  a r ro w s  flow ing  
in to  p ro d u c tio n  and the  e n t r ie s  in  the f i r s t  co lum n r e p r e s e n t  th e  
a r ro w s  flow ing  out of i t  in  F ig u re  3. H ence , the  f i r s t  row  and th e
F ig . 3 . - -C o m p le te  F low  D ia g ra m  fo r  an  O pen E co n o m y
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F a c t o r  in com e from  
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C u r r e n t  t r a n s f e r s  
a b ro a d  ( n e t )
S a v in g
L e n d in g  ab road  
( n e t )
R e s t  o f  t h e
w o r ld
P r o v i s i o n  f o r
d e p r e c i a t i o n
A c c u m u la t io n C a p i t a l  t r a n s f e r s
from  a b road  ( n e t )
E x p o r ts
Richard Stone and Giovana Croft-Murray, Social Accounting and
Economic Models (London; Bowes and Bowes, 1959), p. 19 (modified).
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f i r s t  co lum n  to g e th e r  c o n s titu te  the  p ro d u c tio n  acco u n t. T he only 
d if fe re n c e  b e tw een  the  m a tr ix  and F ig u re  3 i s  th a t  the  tw o flow s fro m  
"p ro d u c tio n "  in to  "co n su m p tio n " ; n am ely , in d ir e c t  ta x e s  and fa c to r  
in co m e  f ro m  d o m e stic  co n su m p tio n , a r e  c o n so lid a te d  in to  a  s in g le  
flow in  th e  m a tr ix  fo rm . O b se rv e  th a t th e  to ta l  in  each  row  m u s t be 
th e  sa m e  a s  the  to ta l  in  the  c o rre sp o n d in g  co lum n  fo r  th e y  m e a s u re  
th e  sam e  th in g .
T A B L E  1
A  NATIONAL ACCOUNTING M ATRIX
P ro d u c ­
tio n
C o n su m p ­
tio n
A ccu m u ­
la tio n




T o ta ls
P ro d u c tio n o X' *
C o n su m p tio n * o * *
A ccu m u la tio n » o *
R e s t of th e  W o rld * o
C olum n T o ta ls * * . . .
S o u rce :
A dap ted  fro m  a  tab le  by  R ic h a rd  Stone and  G iovana C ro f t-  
M u rra y , S o c ia l A ccoun ting  and  E co n o m ic  M o d els , London: B ow es 
and B ow es, 1959, p . 12.
z . .•
I t shou ld  be noted  th n t rhe „ I ,,,- /-, O.O-';'.
a llow  fo r  c la s s if ic a t io n  of e x p e n d itu re  f i r . - . - -  ; - r e  .m e:.'.
T h u s , the  v a r io u s  a cco u n ts  in c lu d e  th e  pm -/ate .r-. -•  a ;; v -e ;
m e n t a cco u n ts  of co n su m p tio n  and producer.-;..
2. F ro m  th e  X a tio n a l Incom e
i l i p U
e n c e  b e tw een  th e  In p u t-O u tp u t and ICational I/r - rr.,-- .a • -..an :-.ysv;ms
i s  th e  d e g re e  of a g g re g a tio n  in v o lv ed . In r n e  : rif.v j- :n: -eruf.' o.ut th is  
p ro p o s itio n  w ill  be  i l lu s t r a t e d  b y  m e a n s  : f  .- .r a n ir u Lut-. tn e  n n atrax  
in tro d u c e d  above (T ab le  1).
T he m a tr ic e s  d e r iv e d  f ro m  T a b le  1 .nil . . : r r v -e  ;?enpiià /n  i l lu s ­
t r a t in g  th e  re la t io n s h ip s  b e tw een  th e  tw o a u r  ounTiuu: u n d e r con­
s id e ra t io n . O nce th is  re la t io n s h ip  i s  e x p i o r e n ,  : . i e e '  - , •'•c-d o v  co;,- 
v en ien t to  s e t  out a  new  m a tr ix ,  one th a t  is  m r r e  sc- tne  In p u t-
O utput m o d e ls , in  o r d e r  to  d ev e lo p  ime o a s ic  rue:r'nU es of
th is  s c h e m e .
A . C o n tra s t in g  m e T;vc S -srm - :
To show  m o re  fa c tu a l  d e ta i ls  abou t rhe---r.rc;. --. c -..cue.' con­
s id e ra t io n , e ac h  acco u n t in  T a b le  1 m ay  b e - c u u m v - .-i-ec rcuc a .oy.ccî/e.r 
of c o n s ti tu e n t e le m e n ts .  T h is  w ill r e s u l t  in a - .u ry y e  m acrc,:, Sv.cn a s  
T ab le  2 . T h is  ta b le  e x h ib its  th e  a c tu a l .fata i :■ - -f' -e- 'i -c y c o v
in  1950.
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T A B L E  2
A Social Accounting IJairi.x fo r  thr United Kingdom in 1950
£ million























A sricuU iire^fortstry o r .J ftsh in s, Coeds arrdiervicrs 0 0 3 0 28 563 14 0 0 1 0 468 :9 1039
JiU rin; end  Q'jarryin; , c 0 no 42 19 14 23 27 1:7 56 0 99 . -9 43| 5:5'
Chcnticûts ar.J cUL'd trcd is 77 24 0 104 30 59 52 59 7 88 0 215 5‘ - 155 315^
h te tcih , er.2ine^rin2 or.d McJr.cUs 56 50 43 0 43 33 25 160 50 249 0 260 217 807ic:; 2:34
TfxtÜcSt h'ûthcr and c îo th in î . 10 5 15 41 0 13 9: 3 1 27 0 828 3-SO 533 14:3
Foodt drink cr.d iobocco . 116 0 10 0 1 0 0 0 0 15 0 2170 16 40 '
O ther rjtcr.u/aclurinj , . 41 6 35 2C0 55 71 0 181 15 70 0 193 95 1167 1115
B ulîdins and eontractin^ . , 30 21 8 22 15 S 4 0 2 73 0 243 150 661 ■ 1 : ::::
Cas, electricity and  ¥.cter 4 9 13 60 13 14 32 9 0 S3 0 230 23 39 4 «43^
O ther production and trade* 100 30 105 445 1:0 145 SO 135 65 0 0 2892 293 123 543 537;
O ther industries** . 0 0 0 0 0 0 0 0 0 1745 1205-67 115:793
B iü ir .ti; cr.d hom eiio id t appro- 
p rh tio n  . . . . iVeges a n d  salaries 264 359 1491405 483 247 465 503 14: 2317 1264 0 . 0 o'::::'
Profits^ Interest c r j  rent 332 33 93 441 161 226 112 102 0 1129 70 0 0 337.:.';5|
P ublic deb t interest 0 0 0 0 0 0 0 0 0 0 0 0 551 0 o' 55:'
O ther current tra n s fe r s. 0 0 0 0 0 0 0 0 0 0 0 0 754 i -
C overrjnent appropriation C urrent transfers (/orcx less 
subsidies) -44 3 70 11 11 678 11 7 23 313 564 2251 0 0 cLo:
1
C apita! I r a r j jc t io r j . D epreciation 54 15 31 94 36 30 36 14 107 284 297 0 0 0 10. 93-
Saving . . . . 0 0 0 0 0 0 0 0 0 0 0 350 417 0 0, 76:
C ap ita l transfers {net) 0 0 0 0 0 Q 0 0 0 0 0 0
•
E xternat . . . . C ooJs e n d  services 53 11 225 218 458 396 163 39 1 366 864 0 0 c':s;4
C urrent transfers (net) . 0 0 0 0 0 0 0 0 0 0 0 -5 45 0 0| 42
L ending {net) 0 0 0 0 0 0 0 0 0 0 0 0 0[ 440
“1
Coi'forn totals 1099 566 915 3084 14532497 1115 1239 54350762953 11944333319323:3): ..
1
• Transport ari comfr.uniVat'on, distributive trades, injjrar.cc, banking and finance, and o:h:r services.
•• rub!;c adr*ini>:rai:oa .sn J de ccca, pu*’li; f-eaXh acd educational scoicci, ossccrihtp ot'dv.jtlmgs, Comasiic services to bo-asoholds, and 
lervicci to private oon-pro.r»’fr.a»cing oodit^ .
S o u rc e : A d ap ted  f ro m  a ta b le  by R ic h a rd  S tone and  G iovana  C ro f t-
M u rra y , S o c ia l A ccoun ting  and  E co n o m ie  M o d e ls . London: 
B ow es and B ow es, 1.959, p. 14.
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T he f i r s t  e lev e n  ro w -a n d -c o lu m n  p a i r s  r e p r e s e n t  th e  p ro d u c ­
tio n  a cc o u n ts  of th e  e lev e n  s e c to r s  am ong  w hich  the  w hole of B r i t is h  
p ro d u c tio n  is  a llo c a te d . F o r  e x am p le , th e  th i r d  ro w -a n d -c o lu m n  p a ir  
r e la te s  to  p ro d u c tiv e  a c tiv ity  in  c h e m ic a ls  and  a l l ie d  t r a d e s .
T he e n tr ie s  in  e ac h  row  r e p r e s e n t  th e  d is tr ib u tio n  of the  p ro ­
d uct of e ac h  in d u s try  am ong a ll  o th e r  in d u s t r ie s  and the  v a r io u s  Idnds 
of f in a l u s e s .  L ooked  a t f ro m  the  re v e n u e  s id e , th e se  e n tr ie s  r e p r e ­
s e n t th e  re v e n u e s  of a g iv en  s e c to r  o r ig in a tin g  in  o th e r  s e c to r s  of the 
econom y. F o r  e x a m p le , re a d in g  a c r o s s  the  th ir d  ro w , the  r e c e ip ts  
of c h e m ic a ls  and a llie d  t r a d e s  f ro m  a g r ic u l tu r e ,  f o r e s t r y ,  and f ish in g  
w e re  77 m illio n  pounds and  th o se  f ro m  m in in g  and  q u a r ry in g  w e re  24 
m illio n  pounds in  1955, e tc .  T he  e n tr ie s  in  e ac h  co lu m n  show  th e  
c o s ts  of p ro d u c in g  th e  to ta l  v a lu e  of th e  g iven  s e c to r .  F o r  e x am p le , 
th e  e n t r ie s  in  th e  th ir d  c o lu m n  in d ic a te  th e  am o u n ts  p a id  by  th e  th ird  
in d u s t r y  to  v a r io u s  o th e r  in d u s t r ie s  fo r  th e  p u rc h a s e  of p ro d u c e d  in ­
p u ts  of th e  s e c to r .  H en ce , e ac h  co lum n  r e f le c ts  th e  c o s t  s t r u c tu r e  of 
th e  r e la te d  in d u s try .
If  th e  f i r s t  e le v e n  p ro d u c tio n  a cc o u n ts  (th a t i s ,  ro w s  and 
co lu m n s) in  T ab le  2 a r e  c o n so lid a te d , th e  n a tio n a l a cco u n t f o r  p r o ­
d u c tio n  i s  o b ta in ed .
T he  nex t tw o ro w -a n d -c o lu m n  p a i r s ,  la b e le d  " b u s in e s s  and  
h o u seh o ld  a p p ro p r ia tio n "  and  "g o v e rn m e n t a p p ro p r ia t io n ,"  r e p r e s e n t  
co n su m n tio n  a c c o u n ts . I f  th e s e  tw o a cc o u n ts  a r e  c o n so lid a te d , th e
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n a tio n a l acco u n t fo r  co n su m p tio n  i s  o b ta ined .
T he la s t  two acco u n ts  a r e  a lre a d y  in  co n so lid a ted  fo rm . The 
fo u r te e n th  r e la te s  to  the  c a p ita l  t r a n s a c t io n s  of a l l  t r a n s a c to r s  in  the  
e co n o m y  and r e p r e s e n ts  the  n a tio n a l a cco u n ts  fo r  accu m u la tio n ; and 
th e  fif teen th  r e la te s  to  th e i r  e x te rn a l  t r a n s a c t io n s ,  th a t i s ,  th e i r  t r a n s ­
a c tio n s  w ith  the  r e s t  of th e  w o rld .
I t  should  be p o in ted  out th a t  T ab le  2 is  b e in g  u sed  m e re ly  fo r  
i l lu s t r a t in g  the  re la t io n s h ip s  b e tw een  the  N a tio n a l Incom e and Inpu t- 
O u tpu t acco u n tin g  s y s te m s . T he d a ta , a lthough  b a se d  on o ffic ia l 
B r i t i s h  e s t im a te s ,  hav e  b een  m o d ified  in  a c c o rd a n c e  w ith  a  la rg e  
n u m b e r  of a ssu m p tio n s  in  o r d e r  to  be p re s e n te d  in  th e  fo rm  g iven  
ab o v e . ^ T he d a ta  a r e  no t re c o m m en d e d  fo r  a c tu a l q u an tita tiv e  a n a l­
y s is  of th e  B r i t is h  econom y.
N ote th a t  the  fo rm a t of T ab le  1 i s  no th ing  m o re  th an  a 
p a r t i c u la r  co n so lid a tio n  of th a t  of T ab le  2. B y a  d if fe re n t co n so lid a tio n  
o f th e  acco u n ts  in  T ab le  2, a n o th e r  m a tr ix  can  be ob ta ined  w hich e n ­
a b le s  one to  c o n c e n tra te  on the  p ro d u c tio n  acco u n t to  th e  e x c lu s io n  of 
a l l  o th e r  e le m e n ts  in  the  sy s te m . T h is  r e s u l t s  in  an in p u t-o u tp u t 
m a t r ix ,  and  i t  i s  s e t  out in  T ab le  3. I t  i s  o b ta ined  fro m  T ab le  2 by  
c o n so lid a tin g  the  l a s t  fo u r a cc o u n ts  and  le av in g  out the  row  and 
c o lu m n  to ta ls .
®Stone and C r o f t - M u r r a y ,  pp. 4 0 -41 .
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T A B L E  3
AN IN P U T -O U T P U T  M ATRIX FOR TH E 
UNITED KINGDOM IN 1950 
(m illio n s  of pounds)
! Î
i t










jiSTicttltsur, forestry and fishisg . 0 0 3 0 28 565 14 0 0 1 c 490
Milting and quurrving 0 no 42 19 14 23 27 127 56 0 142
Chemicaii and allied traJft 77 24 0 104 30 5» 52 59 7 88 0 415
Metals, engineering ami lehlcles 56 50 45 0 48 33 25 160 50 249 0 2368
Texlilei, leather and clolhing lOi 5 I ' 41 0 13 92 3 1 27 0 1281
Food, drink and lohai co 116 0 10 0 1 0  0 0 0 15 0 2355
Other manufartunng 41 6 3N 200 55 71 0 181 15 70 0 438
Building and contraciing yy 8 IS 8 4 Ü 2 73 0 1056
Gas, eUeirldty and water . 4 9 13 60 13 14 32 9 0 88 0 301
Other produetlon and trade 100 30 105 445 120 145 80 135 65 0 0 3851
Other industries 0 0 0 0 0 0 _ 0 —P 0 0 ___0 29W
All other acfounis consolidated . 659 421 568 2170 1159 1577 793 665 276 4409 2999 0
S o u rce :
A dap ted  fro m  a  ta b le  by  R ic h a rd  Stone and  G iovana C ro f t-  
M u rra y , S o c ia l A ccoun ting  and  E co n o m ic  M o d e ls , London: B ow es 
and  B ow es, 1959, p . 15.
M o re  fo rm a lly , le t  M r e p r e s e n t  th e  m a tr ix  in  T ab le  2,qxq
w h e re  the  s u b s c r ip t  q x q  d e n o tes  th a t th e  m a tr ix  h a s  p ro w s  and 
q co lu m n s . T h en  e a c h  p a r t i c u la r  c o n so lid a tio n  m a y  be though t of a s  
th e  r e s u l t  of a  m a tr ix  m u ltip l ic a tio n  of th e  fo rm
G^ M G^ = N nxp qxq q x r  n x r
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1 2  7w h e re  G and G a re  tw o g ro u p in g  m a tr ic e s  th a t co n so lid a te  th e
o r ig in a l q x q  m a tr ix  to  g e t a  new n x r  m a tr ix  N. F o rm a lly ,
th e re  a re  m any  such  m a tr ic e s  b e c a u se  th e re  a re  m an y  p o ss ib le
1 2
g ro u p in g  m a tr ic e s  G and G . B ut m an y  of the  fo rm a lly  p o s s ib le  
co n so lid a tio n s  a r e  not u s e fu l. T he g ro u p in g  m a tr ic e s  a s su m e  such  
s t r u c tu r e s  th a t w ould en ab le  th e m  to  c o n so lid a te  M a cc o rd in g  to  a 
d e fin ite  co n cep tu a l f ra m e w o rk . N a tio n a l Incom e and In p u t-O u tp u t 
a r e  two su ch  f ra m e w o rk s . N a tu ra lly , o th e r  co n cep tu a l f ra m e w o rk s  
and , th e re fo re ,  o th e r p a i r s  of g ro u p in g  m a tr ic e s  could  be d eveloped .
A m a tr ix  G is  c a lle d  a  g ro u p in g  m a tr ix  r e la t iv e  to  a n o th e r  
m a tr ix  M i f  GM o r  MG (a s su m in g  th a t m u ltip lic a tio n  i s  defined) 
h av e  s m a l le r  d im e n s io n s  th a n  M and i f  th e i r  e le m e n ts  a r e  d e r iv e d  
f ro m  the  e le m e n ts  of M by  o m is s io n  o r  su m m a tio n  and  by  no o th e r  














H e re  the p re m u ltip l ic a tio n  of a  m a tr ix  b y  a n o th e r  h a s  led  to  the  
o m iss io n  of i t s  th ir d  row  and to  c o n v e rs io n  of the  e le m e n ts  of i t s  f i r s t  
row  fro m  a^^ to  a^^ + th a t i s ,  th e  f i r s t  row  of th e  new m a tr ix
i s  th e  v e c to r  su m  of th e  f i r s t  tw o  ro w s  of th e  f i r s t  m a tr ix . H e re  th e  
m a tr ix  on th e  le f t  i s  an  e x am p le  of a  g ro u p in g  m a tr ix .
J u s t  a s  p re m u ltip l ic a tio n  (on th e  le f t)  of a  m a tr ix  b y  a  
g ro u p in g  m a tr ix  o p e ra te s  on i t s  ro w s , p o s tm u ltip lic a tio n  (on the  
r ig h t)  of i t  by a n o th e r  g ro u p in g  m a tr ix  o p e ra te s  on i t s  co lu m n s.
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T h e re fo re ,  in  p r in c ip le ,  th e re  e x is t s  a  s y s te m  of s o c ia l  
a cc o u n ts  th a t  in c lu d e s  th e  in p u t-o u tp u t a cc o u n ts  and  the  n a tio n a l 
a cc o u n ts  a s  tw o of i t s  p a r t i c u la r  s u b s y s te m s . T h is  c o m p re h e n s iv e  
s o c ia l  acco u n tin g  s y s te m  cou ld  be  d ev e lo p ed  i f  i t s  u s e fu ln e s s  ju s tif ie d  
th e  c o s t . U ndoub ted ly  th e re  w ou ld  be m an y  s ta t i s t i c a l  p ro b le m s , both  
c o n ce p tu a l and p r a c t ic a l ,  b u t th e s e  w ould  not be e s s e n t ia l ly  d iffe re n t 
f ro m  th o se  e n c o u n te re d  in  th e  d ev e lo p m en t of the  e x is t in g  a cc o u n ts . 
Such a  c o m p re h e n s iv e  s o c ia l  acco u n t is  no t l ik e ly  to  develop  
p r i o r  to  th e  d ev e lo p m en t of an  a n a ly t ic a l  s y s te m  w hich  w ould  s e rv e  a s  
a  th e o r e t ic a l  c o u n te r p a r t  to  i t .  B u t i t s  u s e fu ln e s s  in  the  u n ific a tio n  of 
v a r io u s  s o c ia l  a cc o u n ts  d o es  no t depend  on w h e th e r  o r  no t i t  i s  e m ­
p i r i c a l ly  im p le m e n te d . T he  co n cep t i s  u s e fu l, a s  no ted  above, a s  a 
m e a n s  of a  fo rm a l t r e a tm e n t  of v a r io u s  s o c ia l  a cco u n ts  in  a  u n ified  
m a n n e r .
B . B a s ic  In p u t-O u tp u t Id e n tit ie s  
T ab le  3 i s  a  v e r y  s im p le  e x am p le  of in p u t-o u tp u t m a tr ic e s  
d e s ig n e d  to  show  th e  m a n n e r  in  w hich  the  In p u t-O u tp u t and N a tio n a l 
In co m e  f ra m e w o rk s  a r e  r e la te d .  F o r  th e  d ev e lo p m en t of the  funda­
m e n ta l  id e n ti t ie s  and  a  d e ta i le d  d e s c r ip t io n  of th e  In p u t-O u tp u t f r a m e ­
w o rk , a  m o re  g e n e ra l  fo rm a t  i s  d e s i r a b le .  T ab le  4 p ro v id e s  th is .
E a c h  row  of T ab le  4 show s the  p a t te rn  of a llo c a tio n  of the  ou t­
p u t of a g iv en  in d u s try  am ong  d if fe re n t u s e s .  In  m o n e ta ry  t e r m s ,  the
e n t r ie s  of a  g iv en  row  in d ic a te  th e  r e c e ip ts  of the  in d u s try  in  th a t  row  
f ro m  v a r io u s  s o u rc e s  w h e re  i t s  p ro d u c t i s  so ld . I t  shou ld  be n o ticed  
th a t  the  ta b le  d is tin g u is h e s  b e tw een  " in te rm e d ia te  u s e "  and  " f in a l u s e "  
of a  p ro d u c t. T h e se  c o n c e p ts  a r e  e s s e n t ia l ly  the  f a m il ia r  ones 
u t i l iz e d  in  the  N a tio n a l In co m e acco u n tin g  w h e re  a good i s  de fin ed  a s  
f in a l i f  i t  i s  b o u g h t n o t fo r  p u rp o se  of r e s e l l in g  o r  f u r th e r  p ro c e s s in g ;  
and a  good i s  in te rm e d ia te  i f  i t  i s  no t f in a l. In  l a t e r  d is c u s s io n  w h e re  
a  " c lo se d "  L e o n tie f  s y s te m  i s  d is c u s s e d ,  i t  w ill  be se e n  th a t  th e re  is  
n o th in g  in h e re n t  abou t d efin ing  c e r ta in  c a te g o r ie s  of e x p e n d itu re  in  the  
eco n o m y  a s  f in a l; and  th a t i t  d ep en d s  on th e  m o d e l u n d e r  c o n s id e r ­
a tio n  w h e th e r , f o r  e x a m p le , c o n su m p tio n  i s  to  be  c la s s if ie d  a s  a 
f in a l-u s e  o r  a s  a n  in te r m e d ia te - u s e  i te m .
T ab le  4 a ls o  e x h ib its  a  d is t in c tio n  b e tw een  "p ro d u c e d "  and 
" p r im a r y "  in p u ts , c o r re sp o n d in g  to  the  " in te rm e d ia te "  and  " fin a l"  
p ro d u c ts  on th e  ou tpu t s id e .
An in p u t i s  c a lle d  p r im a r y  i f  i t  i s  not p ro d u ced  w ith in  the  
s y s te m . F o r  e x a m p le , i f  th e  su p p ly  of la b o r  i s  t r e a te d  a s  a  da tum  
r a th e r  th an  a  v a r ia b le ,  th e n  la b o r  i s  a  p r im a r y  in p u t. An in p u t 
w h ich  i s  no t p r im a r y  i s  a  p ro d u c e d  in p u t.
T he e n t r ie s  in  a g iv e n  co lu m n  r e c o r d  th e  c o s t  s t r u c tu r e  of the  
g iv en  in d u s try . F o r  e x a m p le , the  e n t r ie s  in  th e  f i r s t  co lu m n  in d i­
c a te  th e  v a lu e s  o f v a r io u s  in p u ts  u t i l iz e d  by  the  in d u s try  d u rin g  the  
p e r io d  th a t i t s  ou tpu t i s  m e a s u re d .
T A B L E  4
IN T E R IN D U ST R Y  A CCO U N TIN G  SY STEM
P u r c h a s i n g  S e c t o r s
I n t e r m e d i a t e  Use
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P r o d u c i n g
S e c t o r s
n
T o t a l  P r o d u c e d  I n p u t s
X i i * .  . x i j  . .  . X i n
X i i » . . x ^ j . « « X i n  ^ i
(Qua d.  1 1 )
X ni. • «%nj• • "Xnn ^n
I l  Cl Gi
Li Ci Gi Ei Yi 
(Qua d.  1 )
^n ^n ^n ^n ^n
U i Uj u n
Ml Xi
Mi Xi
P r i m a r y  I n p u t s  
( V a l u e  Added)
V i  . . . V < .Vn
(Q ua d.  I l l )
Vi Vc Vg Ve 
(Quad .  IV)
V
T o t a l  P r o d u c t i o n Xi . . . X i  . . . X n 1 C G E Y M X
S o u r c e :  H o l l i s  B .  C h e n e r y  and P a u l  G. C l a r k ,  I n t e r i n d u s t r y  E c o n o m i c s  (New Y o r k :  J o h n  W i l e y
and S o n s ,  I n c . ,  1 9 6 7 ) .
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Q u ad ran t I co n ta in s  th e  f in a l u se  of p ro d u ced  co m m o d itie s  
and s e r v ic e s ,  b ro k en  down by  m a jo r  ty p e s  of u se ; n am e ly , in v e s t ­
m e n t, co n su m p tio n , g o v e rn m e n t, and e x p o r ts .
Q u ad ran t II c o n s ti tu te s  the  m a in  p a r t  of th e  in te r in d u s t ry  
a c c o u n ts . T he i - th  row  of th is  q u a d ra n t . . . ,
show s how m uch  of th e  ou tpu t of th e  i - th  in d u s try  i s  u sed  a s  in p u t by  
in d u s t r ie s  1 , 2 , .  . . , n , r e s p e c tiv e ly . W. i s  th a t p a r t  of th e  out- 
p u tp u t of the  i - th  in d u s try  w hich  is  u se d  a s  in p u t b y  a l l  o th e r  in d u s ­
t r i e s ,  th a t  is ;
(4 .8 )  W. = Z x . „  (i = 1, . . . , n)
1 J = 1
T he j - th  co lum n of q u a d ra n t II (x , x , . . . , x  .) show s hownj
m u ch  of th e  ou tpu ts  of in d u s t r ie s  1 , 2 , .  . . , n i s  u se d  up by  the  
j - t h  in d u s try  a s  in p u ts . i s  th e  to ta l  v a lu e  of p ro d u ced  in p u ts  
u se d  up b y  th e  j - t h  in d u s try :
(4 .9 )  U. = .Z  X , (j = 1, . . . , n)
3 1 = 1  13
Q u a d ran t III show s th e  v a lu e  of p r im a r y  in p u ts  u ti l iz e d  by  
e a c h  in d u s try . m e a s u r e s  th e  to ta l  re v e n u e  (o r to ta l  v a lu e  of the 
output) of the  j - t h  in d u s try . T he to ta l  r e c e ip ts  of the  j - th  in d u s try  
i s  p a id  out a s  c o s ts  to  p ro d u c e d  o r  to  p r im a r y  in p u ts . ^ T h a t is :
g
T h is  i s  only  t ru e  i f  th e  j - t h  s e c to r  does no t engage in  s a v ­
in g  o r  in v e s tin g  a c t iv i t ie s .  T h is  q u e s tio n  w ill be  d e a lt  w ith  w hen  the
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(4. 10) X . = V. + U. , (j - 1, . . . , n)
j j j
o r
(4. 11) V. = X . - U . , (j = 1, . . . , n)
E q u a tio n  (4 .1 1 ) s ta te s  th a t  i s  eq u a l to  the  d if fe re n c e  betw een  
the  v a lue  of ou tpu t and the  c o s t of in p u ts  p ro d u c e d  o u ts id e  the  g iven  
e s ta b lis h m e n t. In  o th e r  w o rd s , V\ is  the  v a lue  added  in  p ro d u c tio n  
by th e  j - th  s e c to r .  N ote th a t q u a d ra n t III d oes not d is tin g u ish  b e ­
tw een  d if fe re n t ty p e s  of p r im a r y  in p u ts . T he d e g re e  of d isa g g re g a tio n  
in  th is  q u a d ra n t v a r ie s  c o n s id e ra b ly  in  e m p ir ic a l  in p u t-o u tp u t ta b le s .
Q u a d ran t IV  co n ta in s  the  d i r e c t  in p u t of p r im a r y  fa c to rs  to  
f in a l u s e , of w h ich  the m a in  e x a m p le s  a re  g o v e rn m e n t em p lo y m en t 
and d o m e s tic  s e r v ic e .  T h e se  t r a n s a c t io n s  do no t e n te r  in to  m o s t
in te r in d u s t ry  m o d e ls , bu t th e y  sh o u ld  be r e c o rd e d  to  m ak e  the  to ta l
g
c o n s is te n t w ith  n a tio n a l a g g re g a te s .
T o ta l su p p ly  of e ach  co m m o d ity  c o n s is ts  of th e  su m  of 
d o m e s tic  p ro d u c tio n  and im p o r ts  (negative  fo r  e x p o r ts ) . T h a t is :
(4 .1 2 ) Z. = X. + M. , (i = 1, . . . , n)
d is tin c tio n  b e tw ee n  s ta t ic  and d ynam ic  L e o n tie f  s y s te m s  a re  d is ­
c u sse d  in  l a t e r  c h a p te r s .
9
F o r  a  d is c u s s io n  of th is  po in t see : H o llis  B . C h e n e ry  and 
P a u l G. C la rk , In te r in d u s t ry  E c o n o m ic s , New Y ork: Jo h n  W iley  
and S ons, I n c . ,  1967, p. 17.
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o r
(4. 13) X. = Z. - M. , (i = 1, . . . , n)
1 1 1
w h e re  Z^, X^, and M. a r e  th e  to ta l  su p p ly , to ta l  ou tpu t, and to ta l  
im p o r ts  of th e  i - t h  s e c to r ,  r e s p e c tiv e ly .
L e t  Z , X, and M denote  the  v a lu e s  of to ta l  su p p ly  (o r u s e ) ,  
to ta l  d o m e s tic  p ro d u c tio n , and  to ta l  im p o r ts ,  r e s p e c tiv e ly . T h en  the  
fo llow ing  id e n ti t ie s  m u s t hold ;
(4 .1 4 ) X = Z - M
(4 .1 5 )  X = X  X. = Z X.
1=1 1 1=1 3
(4 .1 6 )  Z = .2 Z.
1 =  1 1
n
(4 .1 7 ) M = X M.
1 = 1 1
T h is  co n c lu d es  th e  d ev e lo p m en t of th e  fu n d am en ta l id e n t i t ie s  
of th e  tw o acco u n tin g  s y s te m s  u n d e r  c o n s id e ra tio n . T h ro u g h o u t th e  
d is c u s s io n , no a tte m p ts  w e re  m ad e  to w a rd  defin ing  su ch  c o n c e p ts  as  
" s e c to r ,  " " in d u s try , " and  " e s ta b lis h m e n t .  " T h e se  co n cep ts  m u s t be 
d e fin ed  o p e ra tio n a l ly  in  the  s e n s e  th a t  th e i r  d e fin itio n  m u s t m ad e  i t  
c l e a r  w h a t fa c ts  b e lo n g  and w h a t fa c ts  do no t be long  to  e ac h  c a te g o ry . 
O th e rw is e , th e  e m p ir ic a l  c o u n te rp a r t  of th e  above th e o re t ic a l  s c h e m e s  
can n o t be c o n s tru c te d .
F i l m e d  a s  r e c e i v e d  
w i t h o u t  p a g e ( s )  289 .
UNIVERSITY MICROFILMS.
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O nce a  b a s ic  c la s s if ic a t io n  of fa c ts  is  ach iev ed , th a t i s ,  once 
one s e t  of r u le s  of c o rre sp o n d e n c e  b e tw een  g ro u p s  of fa c ts  and th e o ­
r e t i c a l  e m p ty  b o x es  (o r  c a te g o r ie s )  i s  e s ta b lis h e d , th en  i t  is  of in ­
t e r e s t  to  e x p lo re  the  e ffe c t of sh if tin g  fa c ts  f ro m  som e c a te g o r ie s  and 
e n te r in g  th e m  in  o th e r  c a te g o r ie s .  B u t, as  i t  w ill be d is c u s s e d  in  
g r e a t  d e ta i l  in  l a t e r  c h a p te r s ,  the  q u e s tio n s  r e la te d  to  r e c l a s s i f i ­
c a tio n  a lm o s t u n av o id ab ly  in v o lv e s  the  p u rp o se  of the  a n a ly s is  th a t 
u s e s  th e  fa c ts ;  and i t  i s  fu tile  to  a tte m p t to  e s ta b lis h  c la s s i f ic a to r y  
s c h e m e s  in  a b s tr a c t io n  fro m  th e  p u rp o se  (o r  p u rp o se s )  th a t the  
m o d e l i s  d e s ig n e d  to  s e r v e .  T h e re fo re ,  a p r e c is e  d e fin itio n  of con ­
c e p ts  of " in d u s try , " and  " s e c to r "  h a s  to  aw ait a  r a th e r  d e ta ile d  con ­
s id e r a t io n  of th e  s t r u c tu r e  of th e  th e o re t ic a l  s y s te m s  in v o lv ed . T h is  
i s  th e  ta s k  of a  l a t e r  c h a p te r .  In  th is  c h a p te r  a  g e n e ra l  view  of the  
p u rp o s e s  of e ac h  s y s te m  of a n a ly s is  u n d e r d is c u s s io n  i s  of in te r e s t  
b e c a u s e  i t  r e la te s  to  th e  sco p e  of e ac h  of th e  tw o so c ia l  acco u n tin g  
s y s te m s  b e in g  s tu d ie d  h e r e .
C . A N ote on Scope 
I t  h a s  b een  s e e n  th a t th e  in p u t-o u tp u t h a s  a  l a r g e r  scope  
th a n  th e  n a tio n a l in co m e  acco u n tin g . T h is  v a r ia t io n  in  scope  f ro m  
one s y s te m  to  a n o th e r  r e f le c ts  the  d if fe re n c e s  in  the  p u rp o s e s  th a t 
e a c h  s y s te m  i s  d e s ig n ed  to  s e r v e .  T h is  does not m ean  th a t a l l  the  
u s e s  th a t  a  s o c ia l  acco u n tin g  s y s te m  such  a s  the  in p u t-o u tp u t i s  pu t
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to  m u s t be know n p r io r  to  th e  d ev e lo p m en t of su ch  a  s y s te m . T h is  
w ould be a  m e c h a n ic a l and in c o m p le te  view  of th e  p r o c e s s .  In  r e a l i ty ,  
th e re  i s  a  c o n tin u a l d ynam ic  in te ra c t io n  and an  u n c e a s in g  ch a in  of 
feed b ack s  b e tw een  the  sco p e  of a  th e o re t ic a l  s y s te m  and th a t of i t s  
e m p ir ic a l  c o u n te rp a r t .
A s the  th e o re t ic a l  s y s te m  e v o lv e s , a s  new  a s p e c ts  of r e a l i ty  
a r e  b ro u g h t w ith in  the  r e a lm  of th e o re t ic a l  a n a ly s is ,  i t  m a y  be n e c e s ­
s a r y  to  m od ify , e n la rg e ,  o r  even  c o m p le te ly  r e s t r u c tu r e  the  o rg a n i­
za tio n  of th e  e m p ir ic a l  co n ten t of the  th e o re t ic a l  m o d e l.
On the  o th e r  hand , a  th e o re t ic a l  m o d e l m a y  be fo rc e d  to  co m ­
p ro m ise  i t s  sco p e  due to  im p o s s ib i l i ty  of m e a s u re m e n t and  o b s e r ­
v a tio n s  in  r e la t io n  to  a  p o r tio n  of the  r e la te d  fa c tu a l s tu d ie s .  T h is  
m a y  be due to  te c h n ic a l  and s ta t i s t i c a l  d if f ic u ltie s  o r  due to  p ro ­
h ib itiv e  c o s ts .  In  th is  c a s e ,  the  te c h n ic a l and c o s t  a s p e c ts  of the 
e m p ir ic a l  w o rk  im p lie d  by  a  g iven  th e o re t ic a l  m o d e l fo r c e s  th e  m odel 
to  a s su m e  a  l e s s  a m b itio u s  sco p e  w hich  w ould  be m o re  in  lin e  w ith  
th e  a v a ila b le  te c h n ic a l know -how  and f in a n c ia l r e s o u r c e s .
S ince  the  p u rp o se  of a  m o d e l i s  su ch  an  im p o r ta n t d e te rm in in g  
fa c to r  in  r e la t io n  to  th e  sco p e  of i t s  e m p ir ic a l  c o u n te rp a r t ,  i t  i s  
d e s ir a b le  to  a tte m p t to  s ta te  e x p lic itly  the  m a in  p u rp o s e s  of th e  th e o ­
r e t ic a l  s y s te m s  th a t c o r re s p o n d  to  th e  tw o  s o c ia l  acco u n tin g  s y s te m s  
b e in g  in v e s t ig a te d . The u n d e rta k in g  w ill  n e c e s s a r i ly  be s c h e m a tic , 
s in c e  a  d is c u s s io n  in  th is  a r e a  can  v e ry  e a s i ly  b eco m e  u n m an ag ab le .
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The th e o re t ic a l  s y s te m  tlia t c o r re s p o n d s  to  the  n a tio n a l in ­
co m e acco u n tin g  is  the  K ey n es ian  fra m e w o rk  a s  m o d ified  and 
d ev e lo p ed  by  m an y  e c o n o m is ts  s in c e  K ey n es . T he th e o re t ic a l  s y s te m  
b eh in d  in p u t-o u tp u t acco u n tin g  i s  the  in p u t-o u tp u t a n a ly s is  a s  dev 
d ev elo p ed  by  L eo n tie f and m an y  o th e r  e c o n o m is ts  w ho w o rk ed  in d e ­
p e n d en tly  o r  w ith  h im  on the  H a rv a rd  E co n o m ic  P r o je c t .  In  th is  
s e c tio n  a  s c h e m a tic  o v erv iew  of th e  p u rp o s e s  of e ach  of th e s e  tw o 
th e o r e t ic a l  s y s te m s  w ill  be p re s e n te d .
i .  K ey n es ian  s y s te m . N a tio n a l acco u n ts  have  d ev elo p ed  
f ro m  e a r l i e r  e s t im a te s  of n a tio n a l in c o m e . T he a im  of th e s e  e s t i ­
m a te s  w as to  p ro d u ce  a to ta l  f ig u re  fo r  th e  n a tio n a l in co m e , " u su a lly  
in te r p r e te d  a s  a  m e a s u re  of w e lfa re . "T he  in flu en ce  of th e  e a r l i e r  
e s t im a te s  on to d a y 's  n a tio n a l a cc o u n ts  i s  s t i l l  m a n ife s t , e . g . , in  the  
s t a t i s t i c i a n 's  s tro n g  in te r e s t  in  a g g re g a te s ,  in  d is c u s s io n  on 'how  
n a tio n a l in co m e  i s  c o r r e c t ly  d e fin ed , ' and so  on.
T he n a tio n a l in co m e a g g re g a te s  w e re ,  f ro m  the  e a r ly  d ay s  of 
t h e i r  d ev e lo p m en t, c o n s id e re d  im p o r ta n t  a s  to o ls  fo r  r e g is te r in g  the  
r e c o r d  of the  econom y:
^^A u k ru s t ,  p. 205,
^^Ibid.
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. . . N a tio n a l in co m e  e s t im a te s  w hen c o n s tru c te d  
on a  f a i r ly  c o m p a ra b le  b a s is  fo r  a  p e r io d  of y e a r s  p ro ­
v ide  a  c o m p o s ite  r e c o r d  of th e  eco n o m ic  a c tiv i ty  o f a 
c o u n try  th a t a f fo rd s  a  b ro a d e r  view  and b e t te r  u n d e r ­
s tan d in g  of i t s  eco n o m ic  h i s to r y  th an  any  o th e r  s e r i e s  
of g e n e ra l  s t a t i s t i c s .
B ut i t  is  eco n o m ic  th e o ry  th a t  h a s  p ro v id e d  the  s t ro n g e s t
s tim u lu s  to  th e  d ev e lo p m en t of n a tio n a l acco u n tin g . A u k ru s t m e n tio n s
13th re e  te n d e n c ie s  w ith  th is  re g a rd :
(a )  T he  sh if tin g  of i n t e r e s t  f ro m  m ic ro e c o n o m ic  to  m a c r o -  
eco n o m ic  th e o ry  in  w hich  a g g re g a te s  lik e  n a tio n a l in c o m e , to ta l  con ­
su m p tio n , e t c . , p lay  a  m a jo r  r o le .
(b) T he in c re a s in g  in te r e s t  in  and u n d e rs ta n d in g  of m a c ro -  
eco n o m ic  r e p e r c u s s io n s ,  w h ich  h a s  le d  to  in te n s iv e  s tu d ie s  of the  
p r o c e s s  of e co n o m ic  c ir c u la t io n .
(c) T he a p p lic a tio n  of e c o n o m e tr ic  m e th o d s  to  m a c ro e c o n o m ic  
p ro b le m s . A u k ru s t ad d s  th a t r e c e n t  p ro b le m s  of e co n o m ic  p o lic y , r e ­
la te d  to  fu ll em p lo y m e n t and  n a tio n a l b u d g e tin g , hav e  a ls o  g iv en  an
im p u lse  to  n a tio n a l acco u n tin g  w o rk . "On the  in te rn a t io n a l  le v e l  the
14need  f o r  in te rn a t io n a l  c o m p a r is o n s  i s  s tro n g ly  fe lt .  "
12 R o b e r t F . M a r t in , N a tio n a l In co m e in  th e  U n ited  S ta te s :
1799-1938 , New Y ork : N a tio n a l In d u s tr ia l  C o n fe re n ce  B o a rd , I n c . ,  
1939, p . 1.
13A u k ru s t ,  p. 205.
^^Ibid.
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T h e  d ev e lo p m en t of K e y n es ia n  m a c r o - th e o ry  h a s  p ro v id e d  the  
a n a ly t ic a l  to o ls  to w a rd s  the  u n d e rs ta n d in g  of and p o lic y  re c o m m e n d ­
a tio n  w ith  r e g a rd  to  fo u r  fu n d a m e n ta l a s p e c ts  of the econom y: p r ic e  
s ta b i l i ty ,  fu ll em p lo y m en t, o p tim u m  g ro w th , and in te rn a tio n a l  e q u i­
l ib r iu m .
In  re la t io n  to  e ach  of the  fo u r b ro a d  p ro b le m s , i t  i s  n e c e s ­
s a r y  to  d ev e lo p  a  g e n e r a l  q u a n tita tiv e  in d ex . A s to  any  d is a g g re g a tio n  
w ith in  e a c h  of th e se  in d e x e s , th e  th e o ry  fa i ls  to  p ro v id e  any  d ire c t io n . 
C o n seq u en tly , the  s ta t i s t i c ia n  r e l i e s  on tra d i t io n a l  p r a c t ic e s ,  d is ­
a g g re g a tin g  the  g e n e ra l  in d e x  in to  a  few co m p o n en ts  b a s e d  on su ch  
c h a r a c te r i s t i c s  a s  the  in s t i tu t io n a l  c a te g o r ie s - - p r iv a te ,  p u b lic , 
s ta te ,  lo c a l ,  and F e d e r a l  g o v e rn m e n t- - o r  on type  of c o m m o d ity , 
su ch  a s  c o n s u m e rs ' d u ra b le , n o n d u ra b le s , p lan t and eq u ip m e n t, and 
goods in  in v e n to ry . P r i c e  in d e x e s  m a y  be dev e lo p ed  fo r  w h o le sa le  
and  r e ta i l  p r ic e s  o f c o n s u m e r  g o o d s , c a p ita l  g oods, in d u s t r ia l  g o o d s, 
and a g r ic u l tu r a l  g o o d s.
B u t th e  type  and  th e  d e g re e  of d is a g g re g a tio n  w ith in  e a c h  in ­
dex  i s  fo r  the  m o s t p a r t  a r b i t r a r y ,  la c k in g  a  lo g ic a l f r a m e w o rk  th a t  
w ould in s t r u c t  a  s p e c if ic  s t r u c tu r e  of d is a g g re g a tio n . T h e re fo re ,  
th e  sco p e  of acco u n tin g  and m e a s u re m e n t  a g a in s t  a  b a ck g ro u n d  of 
m a c ro e c o n o m ic  th e o ry  a s  i t  s ta n d s  to d a y  i s  sp e c if ie d  on ly  w ith in  v e ry  
b ro a d  l im i t s ,  le av in g  a m p le  ro o m  fo r  a r b i t r a r in e s s  w ith in  th e se  
b o u n d a r ie s . T h is  s ta n d s  in  s h a rp  c o n t r a s t  to  th e  in p u t-o u tp u t
on a :a; ;. 
vide 5  - - 
coun tr . •- . 
staniii'L ' 
o fg c n c r^
But 1 . ■
stim ulus to ÛU
th re e  ten d er i-
( a) i n-- '  . :
econom ic th 'or-.
sum ption, e :c . ,
(b) Thf
econom ic re p e ^ ru ' 
p ro c e ss  of eccno ru
(c) .'he up; 
p ro b lem s. A ukru ' 
la ted  to  full in 'p i ■ 
im pulse  to ra t i  o r . - ;  
need fo r  interna*:
. t ::.ertiun.s
'o-
e, to tal con-
:c : -;a r;;;r . 2 o* m acro -
- tc i ie s  of the
u. t;; :r.aeroeconom ic 
•f V •.•nomie policy, re -  
. , ra : e aiao  given an 





:r  t.ne United S tates: 




The developm ent of K eynesian  m a c ro - th e o ry  h as  p rov ided  the 
an a ly tica l too ls  tow ards the un d ers tan d in g  of and po licy  reco m m en d ­
ation  w ith re g a rd  to four fundam ental a sp e c ts  of the econom y: p ric e  
s tab ility , fu ll em ploym ent, optim um  grow th , and in te rn a tio n a l eq u i­
lib r iu m .
In re la tio n  to each  of the fou r b road  p ro b lem s, i t  i s  n e c e s ­
s a ry  to  develop a g e n e r ^ ^ ^ f c î^ g t iv e  index. As to  any d isag g reg a tio n  
w ith in  each  of to  prov ide any d ire c tio n .
C onsequently , p ra c tic e s ,
agg regating  b ased  on such
c h a r a c t e r i s t i c ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ B S - - p r i v a t e ,  pub lic , 
lo c a l, type com m odity ,
such as  c o n s u m e r s ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H r s ,  p lan t and equipm ent, and 
goods in  inven to ry . P r ic e  indexes m ay  be developed fo r  w ho lesa le  
and r e ta i l  p r ic e s  of co n su m er goods, c ap ita l goods, in d u s tr ia l  goods, 
and a g r ic u ltu ra l goods.
But the  type and the d eg ree  of d isag g reg a tio n  w ith in  each  in ­
dex is  fo r the m ost p a r t  a rb i t r a r y ,  lack ing  a lo g ica l fram ew o rk  tha t 
would in s tru c t  a spec ific  s tru c tu re  of d isag g reg a tio n . T h e re fo re , 
the scope of accounting and m e a su re m e n t ag a in st a  background of 
m acroeconom ic  th eo ry  as  i t  s tands today  is  specified  only w ith in  v e ry  
b ro ad  lim its , leaving  am ple room  fo r a rb i t r a r in e s s  w ith in  th e se  
b o u n d arie s . T his s tan d s  in  sh a rp  c o n tra s t to  the inpu t-ou tpu t
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accounting  w here  the th e o ry  p ro v ides v e ry  spec ific  and w ell- 
defined  g u ide lines fo r  the s ta t is t ic ia n 's  w ork .
i i .  Inpu t-ou tpu t a n a ly s is . T h e re  a re  s e v e ra l  p u rp o se s  fo r  
co n stru c tin g  the inpu t-ou tpu t accoun ts , and d iffe ren t p u rp o ses  r e ­
q u ire  d iffe ren t types of in fo rm atio n  to  be re g is te r e d  in  the  accoun ts . 
Sandee d is tin g u ish es  betw een th re e  m a jo r  p u rp o se s;^ ^  the  d e riv a tio n  
of a g g re g a te s , such as na tiona l incom e; the d e riv a tio n  of a s h o r t­
te r m  m odel of the  econom y; and the d e riv a tio n  of a  lo n g -te rm  (o r 
(" s tru c tu ra l" )  m o d e l.
The d e riv a tio n  of ag g reg a te s  fro m  the inpu t-ou tpu t account 
r a th e r  than  by  d ire c t  e s tim a tio n  m ethod of the nationa l incom e 
s ta t is t ic ia n  m ay  seem  su p erflu o u s. Why should  one t r y  to  e s tim a te  
in te r in d u s try  flow s th a t a re  d estined  to  be "n etted  out" in  the  fin a l 
p re se n ta tio n  of the  ag g re g a te s . "H ow ever, the fitting  of each  flow 
in to  the supply  p a tte rn  of one in d u s try  and in to  the consum ption 
p a tte rn  of an o th er often b rin g s  to  ligh t unexpected  d efic ien c ies  in  
e i th e r  of th e se  p a tte rn s . W hen the fu ll m a tr ix  h as  been  a ssem b led , 
the  output and inpu t of each  in d u s try  have been  su b jec ted  to  such
se v e re  sc ru tin y  th a t the s ta t is t ic ia n  m ay  w e ll fee l m o re  confident 
16about th em . "
15J .  Sandee, in  B arn a  (ed. ), p. 219.
■ 'Ib id .
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S h o r t- te rm  m odels of a  na tiona l econom y d e sc r ib e s  how the 
m ain  econom ic v a r ia b le s  m ove in  re la tio n  to  one ano th er. V ery  few 
m odels contain  b ra n c h -w ise  d e ta il, though som e sp ec if ic a lly  m ention 
a g ric u ltu re  o r  c o n stru c tio n . Inpu t-O utpu t accounts m ay  s e rv e  (a) to 
supply  estim_ates fo r  the co effic ien ts  of the ag g regate  m odels m en­
tioned  above, and (b) to  supp ly  co effic ien ts  fo r  m o re  d e ta iled  m odels . 
In the s h o r t- ru n  m o d e ls , a d is tin c tio n  is  n e c e s s a ry  betw een constan t 
and v a ria b le  inputs b ecau se  in  the s h o r t- ru n  inpu ts cannot be expected  
to  m ove in  p ro p o rtio n  to  ou tpu ts.
L o n g -ru n  m odels  need  not d is tin g u ish  constan t fro m  v a ria b le
in p u ts  fo r  in  the lo n g e r ru n , p roductive  cap ac ity  w ill be adap ted  to  the
le v e l of output, and o v e r lo n g e r p e rio d s  inpu ts th a t w ere  constan t in
the s h o r t  ru n  w ill m ove in  p ro p o rtio n  to  output. F o r  the co n stru c tio n
of in p u t-ou tpu t acco u n ts , th is  im p lie s  th a t inpu ts w hich w ere  constan t
in  the  sh o r t ru n , and "could  th e re fo re  m o re  o r  le s s  be neg lec ted  fo r
s h o r t- te rm  m o d e ls , m u s t be tak en  ju s t  as  s e r io u s ly  as s tra ig h t-
17fo rw a rd  raw  m a te r ia l  in p u ts  and the lik e . "
The d is tin c tio n  betw een  m a jo r  p u rp o se s  in  the in p u t-ou tpu t 
a n a ly s is  m u s t be kep t in  m ind b ecau se  so m etim es  they  w ill point to  
d iffe ren t conclu sio n s . F ro m  the  accounting  point of v iew , i t  i s  te ch ­
n ic a lly  p o ssib le  to  c o n s tru c t a  sy stem  of accoun ts  containing the
^ ^ Ib id . , p. 220.
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in fo rm ation  needed fo r a ll th re e  of them . S ta tis tic a lly , the re f in e ­
m en ts needed fo r one purpose  w ill often be superfluous fo r the  o ther. 
The d is tin c tio n  betw een accounting and s ta t is t ic a l  p rob lem s i s  not 
abso lu te: accounting p ro b lem s w ill have to  be solved in  such a way 
as  to  cause le a s t  tro u b le  to the s ta tis tic ia n , i . e . , req u irin g  the 
s m a lle s t num ber of additional, m ore  o r le s s  crude e s tim a te s .
The above d iscu ss io n  p roceeded  along g en era l lin es . M ore 
sp ec ifica lly , the inpu t-ou tpu t h as  been  applied  to m any d ifferen t a re a s  
of econom ic a n a ly s is . To m ention  but a few: econom ic fo recastin g , 
id en tifica tion  of the s tru c tu re  of an econom y in  va rio u s  s tag e s  of 
grow th, m easu rem en t of the p a s t grow th and of the po ten tia l fo r 
fu tu re  grow th, id en tifica tio n  of bo ttlenecks in  an econom y as an 
em erg en cy  such as w as n e c e s s ita te s  a ra d ic a l change in  the com ­
position  of i t s  fina l dem and, fo recas tin g  the n a tu re  and pace of te ch ­
no logical developm ent w ithin  the econom y, and com parative  stud ies  
of the  s tru c tu re  of the ex is tin g  w orld  econom ies.
The co re  of the inpu t-ou tpu t accounting is  the co n stru c tio n  
of the  in te r in d u s try  flow m a tr ix  which is  the b a s is  fo r  the derivation  
of the  input-ou tpu t co effic ien ts . The m a tr ix  of th ese  co effic ien ts , r e ­
flecting  the techno log ica l in te rre la tio n  am ong the v a rio u s  s e c to rs  of 
the econom y, co n stitu tes  a highly  d isagg rega ted  production function 
fo r the econom y.
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The degree  as w ell as the type of d isagg rega tion  in input- 
output accounting is  co m ple te ly  specified  by the th e o re tic a l m odel 
behind i t .  H ence, th e re  is  l ittle  room  left fo r a rb i t r a r in e s s  in  the 
ac tua l co n stru c tio n  of the accoun ts .
3, Sum m ary
T his c h ap te r w as concerned  v/ith the p re sen ta tio n  of the n 
nationa l incom e and inpu t-ou tpu t accounting. T hese two w ere  in tro ­
duced w ithin a unified  fram ew o rk  in  o rd e r  to  em phasize  th e ir  c lose  
re la tio n sh ip . It w as shown th a t, as  a  so c ia l accounting sch em e, the 
national incom e accounting is  a m uch le s s  am bitious sy stem  than  the 
inpu t-ou tpu t accounting . T h is fe a tu re  w as studied  in  re la tio n  to the 
purpose  of each sy s te m , and i t  w as p roposed  tha t the purpose  a t hand 
w as a p r im a ry  d e te rm in an t of the scope and n a tu re  of data co llection  
and c la ss if ic a tio n . T h is  point w ill be studied  fu r th e r  in  re la tio n  to  
the c la ss if ic a tio n  and aggregation  p ro b lem s in  a la te r  ch ap te r.
CHAPTER V
THEORETICAL SCHEMES RELATED  TO NATIONAL 
INCOME AND INPUT-OUTPUT ACCOUNTING
The two so c ia l accounting sy s te m s  p re sen ted  in  the p reced ing  
ch ap te r a re  b ased  on two se p a ra te  th e o re tic a l fra m e s : K eynesian  
an a ly s is  and L e o n tie f  s input-output a n a ly s is . In th is  ch ap te r th ese  
two th e o re tic a l  sy s te m s  w ill be in tro d u ced  w ithin a s ta tic  fram ew ork . 
C o n sid e ra tio n  of the  dynam ic ex tensions of the two sy stem s  is  of no 
d ire c t in te re s t  to  the objective of th is  study, nam ely, the p re sen ta tio n  
and an a ly s is  of the aggregation  p rob lem . The choice of a  le s s  e x h au s­
tive  scope by m eans of lim iting  the  study to  a s ta tic  fram ew ork  p ro ­
v id es  an opportunity  to  cope with som e sp ec ific  p ro b lem s in m o re  d e ­
ta il  than  would o therw ise  be p e rm is s ib le .
The assum ptions re la te d  to  the p roduction  function in  each 
sy s te m  is  given a p a r tic u la r ly  d e ta iled  tre a tm e n t b ecause  of the im ­
portan ce  of th is  a re a , p a r tic u la r ly  in  the case  of input-output an a ly s is .
The ch ap te r w ill be concluded w ith  a se t of co m p ariso n s  on a 
g e n e ra l lev e l betw een the two sy s te m s .
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1. K eynesian  System  
P e rh a p s  the m ost e legant fo rm u la tion  of the K eynesian  sy stem  
is  tha t p rovided  by P au l Sam uelson.  ^ In th is  fo rm ula tion , Sam uelson
c o n cen tra te s  only on the  "fundam ental re la tio n sh ip s  s t r e s s e d  by
2
K eynes. " A m es re m a rk s  tha t "we cannot be su re "  tha t S am uelson 's
fo rm u la tio n  re p re s e n ts  the K eynesian  sy stem  because  "K ey n es 's  book 
is , in m any p laces , v e ry  o b scu re .
It is  tru e  th a t S am u elso n 's  fo rm ula tion  has a m o re  lim ited  
scope th an  the fo rm u la tio n s  tha t a re  popu larized  in  m acroeconom ic  
te x ts . S pec ifically , the la t te r  usually  include a p roduction  function in  
the m odel, a re la tio n sh ip  which is left out by Sam uelson  (perhaps) as 
being in c id en ta l.
S am u e lso n 's  fo rm ulation , in sp ite  of i ts  m o re  lim ited  scope, 
exh ib its  a ll the  c h a ra c te r is t ic  fe a tu re s  of the K eynesian  sy stem  and 
its  m ethod of a n a ly s is . T h e re fo re , th is  fo rm ula tion  w ill be p re sen ted
^P aul A. S am uelson , Foundations of E conom ic A n a ly sis , 
C am b rid g e ; H a rv a rd  U n iversity  P r e s s ,  1963, pp. 276-278.
^Ib id .
3
J .  M. K eynes, G en era l T heo ry  of Em ploym ent, In te re s t and 
M oney, London; Bow es and Bowes, 1935.
4
E dw ard  A m es, In troduction  to M acroeconom ics T h eo ry ,
New Y ork; H olt, R in e h a rt and W inston, 1968, p. 54.
301
h e re . H ow ever, s in ce  a  d iscu ss io n  of the p roduction  function 
(im p lic it o r  exp lic it) in  the K eynesian  sch em e is  v ita l fo r th e  purpose 
of co m p ariso n  w ith L eo n tie f’s sy stem , the  popular v e rs io n  of the 
K eynesian  sy s te m  w ill be b rie fly  ou tlined  a f te r  a r a th e r  d e ta iled  
exam ination  of the Sam uelson  fo rm u la tio n .
A. S am u e lso n 's  F o rm u la tio n  
The follow ing d isc u ss io n  e s se n tia l ly  re p e a ts  S am u e lso n 's  
except fo r the su m m a riz in g  of the  m odel by m eans of m a tr ix  notation 
and the "fillin g  in "  of the  m a th e m a tic s  in  a  few p lace s .
The th re e  fundam en tal re la tio n sh ip s  s t r e s s e d  by K eynes 
a re  ( 1 ) the  consum ption  function  re la tin g  consum ption  (and hence 
sav in g s-in v es tm en t) to  incom e and, fo r  g en e ra lity , to  in te r e s t  ra te  
as  w ell; (2 ) the  m a rg in a l effic iency  of c a p ita l re la tin g  net in v est - 
m ent to  the  in te re s t  r a te  and to  the  le v e l of incom e;^  (3) the  liq u id - 
ity  p re fe re n ce  schedule  re la tin g  the e x is tin g  am ount of m oney to  the 
in te re s t  ra te  and the le v e l of incom e.
T h ese  sch ed u les  can  be fo rm u la ted  as  follow s;
5
No re la tio n sh ip  is  a ssu m e d  betw een  th e  lev e l of c a p ita l 
equipm ent and the  m a rg in a l e ffic iency  of c a p ita l b ecause  the 
K eynesian  a n a ly s is  is  co n ce rn ed  w ith the  sh o rt ru n  and in  the  sh o rt 
ru n  the  lev e l of c a p ita l equ ipm ents can  be tre a te d  as fixed.
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(5. 1) y = [C (r ,y )  + a  ] + I
(5.2) I = F ( r ,y )  +
(5 .3) L (r, y) = M
w here r .  y. I s tand  re sp ec tiv e ly  fo r the r a te  of in te re s t , incom e, 
and investm en t; C, F , L stand  re sp ec tiv e ly  fo r the consum ption 
function, the m a rg in a l-e ff ic ie n c y -o f-c a p ita l schedule, and the 
liq u id ity -p re fe ren ce  schedule . M stands fo r the ex isting  am ount of 
money, tak en  as a p a ra m e te r; a  is  a sh ift p a ra m e te r  for the con­
sum ption function and j3 is  a sh ift p a ra m e te r  fo r  the m a rg in a l-  
e ff ic ien cy -o f-cap ita l schedule.
E quation (5 .1 ) e x p re sse s  the  equ ilib riu m  condition th a t in  
a c lo sed  econom y w ith no governm ent, the to ta l incom e m ust equal 
the sum  of consum ption  and ex ante in v estm en t. T his is  the eq u i­
lib riu m  condition in  the product m a rk e t. Equation (5. 2) is  a 
b eh av io ra l re la tio n , ex p re ss in g  the lev e l of investm en t as a function 
of the in te re s t  ra te  and the lev e l of incom e. F ina lly , equation (5. 3) 
s e ts  the  am ount of m oney dem anded equal to  the  supply of money, 
ex p ress in g  the eq u ilib riu m  condition in  the m oney m ark e t.
The th re e  re la tio n s  above can  d e te rm in e  the  th re e  unknowns 
r ,  y, and I in te rm s  of the th re e  p a ra m e te rs  a ,  and M:
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r  = r(ûr, /3, M )
(5 .4 ) y = y(or, M)
I = I(a . /3, M )
The ob jective of the  m odel is  to show how the unknowns w ill 
change as a re s u lt  of changes in  the p a ra m e te rs  (data). T h e re fo re , 
the sign of the following p a r t ia l  d e riv a tiv e s  a re  of in te re s t .
_9r ^  ^
d a ’ da ’ da
( 5  5 ) ^  ^  M
9)3 ' d p  ’  9/3
^  ^  _ai
9 M ’ 9 M ' 9M
The e x p re ss io n s  in  (5. 5) can  be found by d ifferen tia ting  
to ta lly  the re la tio n s  (5. 1), (5, 2), and (5. 3) and evaluating  these  
re la tio n s . It i s  convenient to  tra n sp o se  the re la tio n s  and e x p re ss  
them  in  the following fo rm :
(5 .6) C (r, y) -  Y  + 1 = -a
(5. 7) F ( r ,  y) - I = -^
(5. 8 ) L (r, y) = M
D ifferen tia ting  th e se  to ta lly , one obtains:
(5 . 9 ) d r + (Cy - 1 ) dy + dl = -da
(5. 10) 
(5. 11)
F  dr + F  dy - dl = -d/3 r  y
L d r + L dy = dM r  y
E x p ress in g  (5. 9), (5. 10) and (5. 11) in  m a tr ix  notation g ives;
Cr Cy- 1 '
dr -do;
(5. 12) F r F y
- 1 dy at -d/3
L r Ly 0
dl dM
To evaluate 9r
da ' le t dy = dl
.  d/3 = dM
a ll the p a ra m e te rs  not under in v estig a tio n  constan t and then  solve the 
sy stem  (5. 12) fo r  d r. Applying C ra m e r 's  ru le :
-dor ^y-1 1










A = -djS F  -1 y
dM L 0y
= L (F +y r
c  ) + L (1r  r
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F ro m  (5. 13) i t  i s  see n  th a t:
9rS ince som e p a ra m e te rs  a re  being kept constan t, the  notation  —  is  
ap p ro p ria te :
^  _ i l
da A
By a s im ila r  m ethod, a ll  the o th e r p a r t ia l  d e riv a tiv e s  can  be ev a lu ­
a ted . They a re :
-ÊE = _ i l .  = i l  = I l l s __
da A  da A  ’ da  A
(5. 16) 8r  \  BY ^  81 ^ r  +8i3 ~ “ A ’ 9/3 " A ’ 8 ^ ‘  A
.  1 - C - F  F  + C9r y y 9Y r  r
8 M “ A ’ 9M * A
^  + C,.) + (1 - Cy
8 M A
"On the  b a s is  of a p r io r i ,  in tu itive , e m p ir ic a l exp erien ce"^
the following a ssu m p tio n s  a re  m ade:
^Sam uelson, Foundations . . . , p. 277.
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(5. 17) C > 0 , F > 0 , F < 0 , L > 0 , L < 0y y r y r
while
C = 0r <
and is  usually  c o n sid e red  to be of m in o r quan tita tive  im p o rtan ce .
T he assu m p tio n s  (5. 17) s ta te  th a t consum ption, in v e s t­
m ent, and liqu id ity  p re fe re n c e  a re  d ire c tly  re la te d  to  incom e and tha t 
in vestm en t and liquid ity  p re fe re n c e  a re  in v e rse ly  re la te d  to  the ra te  
of in te re s t .
It can  be seen  th a t the  assu m p tio n s  (5. 17) a re  not su ffic ien t 
to  d e te rm in e  th e  sign of A in  (5. 14). F u r th e rm o re , the s igns of 
som e of the  n u m e ra to rs  in  (5. 16) a re  in d e te rm in a te . "On the b a s is  
of deductive an a ly s is  along s tr ic t ly  s ta t ic a l  lin e s  nothing can be in -
7
fe r re d "  concern ing  the s ig n  of A. " if we a re  to  d e riv e  u sefu l 
th e o re m s, we m u st c le a r ly  p ro ceed  to  a c o n sid e ra tio n  of a m ore  
g e n e ra l dynam ic sy stem  w hich in c lu d es  the s ta tio n a ry  K eynesian
g
a n a ly s is  a s  a sp e c ia l c a se . "
S am uelson  p ro ceed s  to  show two a lte rn a tiv e  w ays fo r th is  
s o r t  of developm ent. T h ese  fu r th e r  developm ents a re  not of in te re s t  
in  the p re se n t d iscu ss io n .
^ Ib id . , p. 278.
^Ibid.
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The above p resen ta tio n  of the K eynesian  system , in  sp ite  of 
its  ra th e r  a b s tra c t fo rm ula tion  and lim ited  scope, does i l lu s tra te  the 
s p ir i t  of th is  so r t of an a ly sis .
The an a ly s is  is  b ased  on a few g en e ra l p ropositions about 
the way in  which a se t of econom ic ag g reg a tes  o r v a ria b le s  - -incom e, 
investm en t expenditure, in te re s t  ra te , e tc . - -a re  in te rre la te d . The 
sim p lic ity  of the m odel s tands in  sh a rp  c o n tra s t to the com plexity  of 
the r e a l  econom ic sy stem . T h is  s im p lic ity  is  achieved through the 
engagem ent in hero ic  aggregation  of econom ic qu an titie s . It a lso  r e ­
flec ts  the lim ited  objective of the K eynesian  an a ly sis , nam ely, the 
de term ina tion  of the m ost im m ed ia te  fa c to rs  th a t influence, in  the 
sh o rt run , the lev e l of incom e.
The K eynesian sy s tem  a b s tra c ts  fro m  the m ic ro -p ro c e s se s , 
the unending chain  of actions and re a c tio n s  through  which the e c o ­
nomic o rg an ism  p e rfo rm s its  functions. It o b se rv es  the end re s u lt  
of th ese  p ro c e sse s  and a im s a t d iscovering  functional re la tio n sh ip s  
among th e se  e n d -re su lt ag g reg a te s  w ith no p a rtic u la r  in te re s t  in  the 
m ic ro -p ro c e s se s  th a t lie  behind such functional re la tio n sh ip s . B e ­
cause  of th is  p reoccupation  w ith ag g reg a tes  (of the h ighest degree), 
the sy s te m  inheren tly  p o s se sse s  a re la tiv e ly  low " fac t-ab so rb in g  
capacity . " On the an a ly tica l side, the sy stem  d ivorces m a c ro ­
econom ics from  m icroeconom ics, discounting the significance of
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m icro eco n o m ics  in  the  understand ing  of the behav io r and m agnitude 
of the m acroeconom ic  v a r ia b le s . T h is  am ounts to nothing le s s  than  
a co m p artm en ta liza tio n  of econom ic th eo ry  into two u n re la ted  a re a s .
The above s ta tem e n ts  should not be taken  as a c r i t ic a l  
evaluation  of the K eynesian  sy s tem . No th e o re tic a l sy stem  can be 
evaluated  in a b s tra c tio n  from  its  announced purpose . The K eynesian 
sy s tem  is  a lim ited  sy stem  fo r a lim ited  ob jective. M ore w ill be sa id  
of th is  point in a la te r  ch ap te r when the question  of e m p ir ic a l im p le ­
m en ta tion  of th e o re tic a l  sy s te m s  is  d iscu ssed .
The m odel a s  p re sen ted  above is  a  g e n e ra l eq u ilib rium  mod 
m odel which s im u ltan eo u sly  d e te rm in es  the va lues of the endogenous
9
v a ria b le s  in  te rm s  of the exogenous v a r ia b le s  and p a ra m e te rs . The 
m ethod of the K eynesian  an a ly s is  is  com p ara tiv e  s ta t is , tha t is , the 
"co m p ariso n  of d iffe ren t equ ilib riu m  s ta te s  tha t a re  a sso c ia te d  with
9
F o r  a d iscu ss io n  of endogenous and exogenous v a ria b le s  
see , K. C . Kogiku, An In troduction  to  M acroeconom ic M odels,
New Y ork: M cG raw -H ill Book C o . , 1968, p. 14.
^^This s ta te m e n t is  tru e  only in  re la tio n  to the popularized  
v e rs io n s  of the K eynesian  m odel. O ther m ethods such  as  dynam ics, 
com p ara tiv e  dynam ics, and d iseq u ilib riu m  dynam ics a re  w idely 
applied  by m a th em atica l econom ists  to  the K eynesian  m odel. See, 
fo r exam ple; Sam uelson, pp. 278-283* R . G. D. A llen, M acro - 
econom ic T heory : A M athem atical T re a tm e n t, New Y ork: St. 
M artin 's  P r e s s ,  1968, pp. 113-134.
,,11
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differen t s e ts  of v a lues of p a ra m e te rs  and exogenous v a r ia b le s  
The above d iscu ss io n  is not m eant to give an exhaustive  
account of the  n a tu re  and m ethod of the K eynesian  a n a ly s is . It is 
r a th e r  in tended to give an overview  of th is  sy stem  and its  m ethods 
which would provide a background fo r a co m p ariso n  betw een it and 
L eo n tie f’s schem e. F o r  th is  purpose it is  convenient fo r la te r  d is ­
cu ssio n s  to go som ew hat beyond the scope of the above fo rm u la tio n
12and outline the so -c a lle d  "com plete  K eynesian  m odel. "
B. The C om plete K eynesian  M odel 
In the com plete  K eynesian  m odel, the ra te  of in te re s t  and
the lev e l of incom e a re  s im u ltan eo u sly  de te rm in ed  by the IS and
13 14LM (H icks-H ansen  ) sch ed u les  of the  p roduct and m oney m a rk e ts .
^^Alpha Chiang. F undam en ta l M ethods of M athem atica l 
E conom ics. New Y ork: M cG raw -H ill Book C o ., 1967, p. 132.
12T h is  te rm in o lo g y  is  due to  A llen, M acroeconom ic T heory  
. . . , p. 126.
13A lvin H ansen, A Guide to K eynes, New Y ork: M cG raw - 
H ill Book C o ., 1953.
14F o r  a  r ig o ro u s  developm ent of the IS and LM cu rv es  
see  Allen, pp. 116-126; fo r a  m o re  e lem en ta ry  tre a tm e n t see 
Kogiku, pp. 101-105. Kogiku in troduces the use of a rro w  d iag ram s 
and " s t ru c tu ra l  m a tr ic e s "  to study the p ro p e rtie s  of sy s te m s  of 
equations; th e se  to o ls  co n sid erab ly  fa c ilita te  h is exposition  of 
s e v e ra l  m acroeconom ic  sy s tem s  (including K ey n es 's ). The use of 
th e se  sch em es see m s  to  be v e ry  p ro m isin g  as pedagogical too ls.
F o r the c o n stru c tio n  of the com plete sy stem , the p ric e  level is  to 
be in tro d u ced  as  an endogenous v a ria b le . It is , th e re fo re , n e c e ssa ry  
to d is tin g u ish  betw een the  " re a l"  and the  "m o n e ta ry "  v a ria b le s .
Sm all le t te r s  w ill be used  to  ind ica te  the  r e a l  and cap ita l le t te r s  for 
m oney v a r ia b le s .
C o n sid er the follow ing se t of equations :
(5. 18) i( r )  = s(y) , i '( r )  < 0 , s '(y ) > 0
(5. 19) M = L^(Y) + L g(r, P) , M given , L'^(Y) > 0 ,
9 L . aL_
< 0 , > 09r "  ’ 9p
(5. 20) Y = Py
w here  y and r  a re  the  r e a l  v a r ia b le s  denoting incom e and the ra te  
of in te re s t ,  re sp e c tiv e ly ; and Y and P  denote m oney incom e and 
the p ric e  level, re sp e c tiv e ly .
E quation  (5. 18) is  the eq u ilib riu m  condition  in  the product 
m a rk e t, re q u ir in g  tha t the fo rthcom ing  volum e of saving  s(y) m ust 
be equal to the ex ante in v estm en t i( r ) .  The conditions i '( r )  < 0 
and s '(y )  > 0  in d ica te  tha t in v estm en t in c re a s e s  a s  the r a te  of 
in te re s t  fa lls  and  th a t sav ing  in c re a s e s  as  the  le v e l of incom e 
in c re a s e s .
E quation  (5. 19) shows th a t the  given supply of m oney M 
s a tis f ie s  two types of dem and fo r m oney: L^(Y) is  th a t po rtion  of
the dem and fo r m oney that depends on the lev e l of incom e; fo r
exam ple, the tra n s a c tio n  dem and, L g (r, P) denotes the specu la tive
dem and fo r m oney w hich depends on the  ra te  of in te re s t  and the  p ric e
level. The condition L '^(Y ) > 0 say s  th a t the tra n sa c tio n  dem and
9L2
for m oney in c re a s e s  as  the  le v e l of incom e in c re a s e s .  —------< 0
and —gp— > 0  ind ica te  th a t the sp ecu la tiv e  dem and fo r m oney d e ­
c re a s e s  as the ra te  of in te r e s t  in c re a s e s  and th a t i t  in c re a s e s  as the 
p rice  lev e l r i s e s .
The iden tity  (5. 20) defines the  m oney incom e as the product 
of the r e a l  incom e and the p r ic e  lev e l.
By su b stitu tin g  fro m  (5 .20) into (5. 19), the following se t 
of two equations can  be w ritten :
(5. 18) i( r )  = s(y)
(5 .21) M = L ^(Py) + L g(r, P )
T h e re  a re  th re e  unknowns and two equations in  th is  sy s te m . Two of 
the unknowns can  be e x p re s s e d  in  te rm s  of the  th ird . L e t r  and y 
be e x p re sse d  in  te rm s  of P :
(5 .22) r  = r (P )
y = y(P)
Next c o n sid e r:
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(5. 23) y = y(n) , y '(n) > 0 , y"(n) < 0
(5. 24) w = y '(n)
(5 .25) W = W + W(n), W '(n) = 0 (0 < n < n)
W '(n) > 0 (n > n)
(5. 26) W = Pw
w here the new v a ria b le s  n, w, and W stand  for lab o r, r e a l  w ages,
and m oney w ages, re sp ec tiv e ly .
E quation  (5 .23) is  the K eynesian  production function which
re la te s  the  lev e l of output to  the level of input of lab o r as  the sole
15fa c to r of production . The conditions y '(n ) > 0  and y"(n) < 0  
e x p re s s  the  phenom enon of d im inish ing  re tu rn s .
E quation  (5 .24) is  the schedule of dem and fo r lab o r, in d i­
cating  th a t the e n tre p re n e u rs  em ploy lab o r up to the  point w here the
16r e a l  w ages a re  equal to  the m a rg in a l p roduct of lab o r.
E quation  (5. 25) denotes the supply of labo r o ffered  with 
in fin ite  e la s tic ity  up to  fu ll em ploym ent le v e l (n) and with le s s  than
15Since the K eynesian  an a ly s is  is  concerned  w ith the sh o rt 
ru n  and in the sh o rt ru n  the qu an titie s  of nonlabor fa c to rs  of p ro d u c ­
tion  m ay be a ssu m ed  to  re m a in  fixed, lab o r is  the only de term in an t 
of the lev e l of output in  the sh o rt run .
16In m ic ro eco n o m ics  the d e te rm in a tio n  of the lev e l of e m ­
ploym ent of lab o r is  fo rm u la ted  in  te rm s  of value ra th e r  than  physical 
q u an titie s . It is  sa id  th a t the f irm  em ploys labor up to  the lev e l w here 
the m a rg in a l rev en u e  product of lab o r is  equal to  m oney w ages, at 
given p r ic e s .
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infin ite  e la s tic ity  once the fu ll em ploym ent is  re ach ed . T hat is , the 
m oney w ages a re  up to  fu ll em ploym ent and begin  to in c re a se  
beyond th is  lev e l if  the dem and p re s s u re  p e rs is ts  in  the lab o r m ark e t.
The iden tity  (5 .26 ) defines m oney w ages as  the product of 
the r e a l  w ages and the p ric e  level.
By su b stitu tio n  fro m  (5 .26) into (5.25), the following 
sy s tem  of equations can  be w ritten ;
(5. 23) y = y(n)
(5. 24) w = y '(n )
(5 .27) Pw = Wg + w(n)
w hich c o n s is ts  of th re e  equations in  four unknowns y, n, w, and P . 
L et y, n, and w be e x p re sse d  in  te rm s  of P :
y = y(P)
(5.28) n = n(P)
w = w(P)
Now com pare  the two sy s te m s  of equations, (5. 18) - (5.20) 
and (5. 23) - (5. 26), each  giving a "half"  of a com plete  K eynesian  
m odel. A link  is  p rov ided  betw een the two halves by the p a ir  of 
v a r ia b le s  y and P . If a p ric e  lev e l P  can  be found th a t would 
m ake the value of y the sam e  fro m  each  half, then  the com plete  
sy s te m  is  d e te rm in a te  and co n sis ten t.
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Two poin ts should be noted. The f i r s t  is  th a t th e re  a re  
enough equations to  de te rm in e  the v a r ia b le s ; the  com plete m odel 
co n sis tin g  of the seven  equations (5. 18) - (5 .20) and (5. 23) - (5 .26) 
have seven  endogenous v a r ia b le s :
y > ri, ” , w, W, Y, and P  ;
the m odel is  d e te rm in a te . However, the ex is ten ce  and uniqueness of 
the so lu tion  is  ye t to  be e s tab lish ed . The second  point is  th a t the se t 
of equations does not p a rtitio n  in  any way, th a t the re  is  no block of 
v a r ia b le s  tha t can  be found se p a ra te ly  fro m  the o th e rs . The v a r i ­
ab les a re  s im u ltaneously  d e te rm in ed  by the whole of the  sy stem  of 
equations.
The above d iscu ss io n  fundam entally  re p e a ts  A llen 's
17sch em atiza tio n  of "the com plete K eynesian  m odel. " The study of 
the m odel w ill not be pu rsu ed  any fu r th e r  h ere , because  it is  only the 
b asic  m odel i ts e lf  which is  of in te re s t  to the fo rthcom ing  d iscu ss io n s .
2. The B asic  L eon tief System
R ec a ll fro m  C h u t e r  IV th a t the to ta l output of a s e c to r  is
id en tica lly  equal to  the sum  of the in te rm e d ia te  and fin a l dem and fo r
18the p roduct of th a t s e c to r . T hat is :
17Allen, M acroeconom ic T h eo ry  . . . , pp. 126-127. 
^^See C hap ter IV, sec tio n  2. B, p. 14.
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(5 .29) X. =. S .  X. . + D. ( i=  1, 2, . . . , n)
1 J=1 1] 1
w here x. is  the  to ta l  output of s e c to r  i, x _  is  th a t po rtion  of the
output of s e c to r  i w hich is  u sed  as input by se c to r  j, and D. is
19the fina l dem and fo r  the  p roduct of se c to r  i.
It w ill be convenien t to  find n u m b ers  ind ica ting  the input
re q u ire m e n ts  fo r the p roduction  of one unit output. T h ese  a re  ca lled
20coeffic ien ts  of p roduction . T hey a re  obtained  by dividing the 
v a rio u s  inputs of each  s e c to r  by the  g ro s s  output of th a t s e c to r .
T hus, if a _  i s  the  p roduction  coeffic ien t ind ica ting  the  am ount of 
p roduct i needed to p roduce one unit of p roduct j, then
X. .
(5. 30) a . , = —^  (i, j = 1, 2 , . . . , n)
]
19Note th a t the  notation  adopted h e re  is  not id e n tic a l w ith 
tha t of C h ap te r IV. F o r  the  pu rpose  of th e o re tic a l  an a ly s is , the  
p re sen t d iscu ss io n  a b s tr a c ts  fro m  the  d is tin c tio n s  am ong the v a rio u s  
fin a l dem and c a te g o r ie s  of C h ap ter IV. The co m p lex itie s  re la te d  to 
the tre a tm e n t of im p o r ts  a re  a lso  ig n o red  h e re .
20 T his  te rm in o lo g y  is  due to  W a lra s . L eontief adopted it 
a lso . O ther te rm s  su ch  as  " tech n ica l inpu t-ou tpu t co effic ien ts"  o r  
s im p ly  " tech n ica l co effic ien ts"  a re  a lso  com m on in  the  l i te ra tu re .  
See, W ass iley  L eontief, The S tru c tu re  of A m e ric an  Econom y, 1929- 
1939, New York: O xford  U n iv ers ity  P r e s s ,  1960, p. 37; and Shiou- 
Shuang Yan, In tro d u c tio n  to Input-O utput E co n o m ics , New York:
Holt, R in eh a rt and W inston, 1969, p. 17.
316
It follow s tha t
(5, 31) x .j = a_  Xj (i, i = 1, 2, . . . , n)
Substitu ting  fo r x _  fro m  (5. 31) in  (5. 29) gives
(5. 32) X.
1





4 .  a .. X.  + D. (i -  1, 2,











w hich can be w ritten  as
(5 .34) X = AX + D
w here X is  the  to ta l g ro s s  output v e c to r , A is  the nxn m a trix  of 
p roduction  co effic ien ts , and D is  the v e c to r  of fina l dem and. F ro m  
(5. 34) one can  w rite
or
o r
D = X - AX
D = IX - AX
(5. 35) D = (I - A)X
Equation  (5. 35) e x p re s s e s  the  ru le  of tra n s fo rm a tio n  of
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g ro s s  outputs to  fin a l dem and quan tities. It gives the values of the
fina l dem and p ro d u c ts  th a t an econom y with p roduction  coeffic ien ts A
and g ro ss  output v e c to r  X can  produce.
“ 1 2 1If the in v e rse  m a trix  (I - A) ex is ts , it  is possib le  to 
22t ra n s la te  a  "p ro g ra m "  of fina l dem and into a "p ro g ram "o f g ro ss  
outputs:
(5. 36) X = (I - A ) '^  D
T h is tra n s fo rm a tio n  en ab les  one to ca lcu la te  the q u an titie s  of g ro ss  
output by each  s e c to r  w hich would be re q u ire d  in  o rd e r  to  produce the 
g iven se t of q u an titie s  of fina l dem and.
T he s ig n ifican ce  of th is  type of in fo rm ation  cannot be o v e r­
e s tim a te d . A side fro m  its  im p o rtan ce  fo r cen tra lly -p lan n ed  econom ies 
and the developing econom ies th a t depend on som e d eg ree  of planning, 
i t  is  of v ita l value to  a predom inantly  m ark e t econom y during  periods
21 A n e c e s sa ry  and suffic ien t condition fo r  ex istence  of 
the  in v e rse  m a tr ix  (I - A )"^ is  th a t the m a trix  (I - A) be nonsingular, 
th a t is , the d e te rm in an t I - A be nonzero . T h is  am ounts to saying 
tha t the  n equations in  (5. 32) be independent; th a t is , none of them  
be obtainable by a l in e a r  com bination of o th e rs . See, G, Hadley, 
L in ea r A lg eb ra , R eading, M assach u se tts : A ddison-W esley P u b lish ­
ing C o ., 1961, pp. 166-173. F o r  an excellen t, concise  tre a tm e n t 
see , R . D orfm an, P . A. Sam uelson, and R obert M. Solow, L in ea r 
P ro g ra m m in g  and E conom ic A nalysis , New York: M cG raw -H ill 
Book C o ., In c .,  1958, pp. 489-501.
22 0 0 0 A given v e c to r  of fin a l dem and [ D ^ ,  D  ^ , . . . , ]
m ay be ca lled  a  p ro g ram  o r a p roduct m ix. See, O sca r Lange,
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of ad justm ent, say, fro m  a p eace -tim e  to a w a r-tim e  econom y and 
vice v e rs a . Since during such p eriods ra d ic a l changes occur in  the 
com position  of the fina l dem and as the p ropo rtion  of w a r- re la te d  
goods d e s ired  re la tiv e  to  c iv ilian  goods in c re a se s , it is  im p o rtan t to 
know how each  s e c to r 's  to ta l output m ust be rea d ju s te d  in  re sp o n se  to 
the new com position and lev e l of fina l dem and. T h is kind of in fo rm ­
ation p rov ides, am ong o th er th ings, a b a s is  fo r ap p ro p ria te  cap ac ity - 
read ju s tm en t p lans in the v a rio u s  s e c to rs  of the econom y, a m easu re  
n e c e ssa ry  if the p rob lem  of bo ttlen eck s is  to  be a ttacked  ra tio n a lly .
T h is  com pletes the d iscu ss io n  of the s im p le st v e rs io n  of
23L e o n tie f  s inpu t-ou t put m odel. How ever, s e v e ra l points should be
m entioned befo re  leaving the  su b jec t.
F i r s t ,  the  q u an titie s  x., x . ., D., and a ., can, th e o re tic a lly ,
1 1 ] 1 1]
be ca lcu la ted  in  te rm s  of p h y sica l u n its . But actual input-output tab le s  
a re  co n stru c ted  exclusively  in  te rm s  of m oney v a lu es . T h is  is  b e ­
cause  the data  in  physica l un its  a re  d ifficu lt to  obtain. As each
P o litic a l Econom y, Vol. I: G en e ra l P ro b le m s , t ra n s . A. H. W alker, 
New Y ork: The M acm illan  Com pany, 1963, p. 209,
23F o r  the m ost com plete  v e rs io n  see , Leontief, pp. 33-65. 
T h is  com plete  v e rs io n  allow s fo r sh ifts  in  p roductiv ity  in  the  v a rio u s  
s e c to rs . It a lso  is  fo rm u la ted  in  such  a way th a t the m odel can  be 
tra n s la te d  fro m  a s ta tic  se ttin g  w ith no accum ulation  in  the v a rio u s  
se c to rs  to  a dynam ic one w ith saving  and investm en t a c tiv itie s  by 
th ese  s e c to rs . The m odel p re sen te d  enough is  m ost convenient fo r 
the study of the aggregation  of s e c to rs  in  la te r  ch ap te rs .
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in d u s try  u su a lly  p roduces m any kinds of goods ra th e r  than  ju s t one 
kind of goods, i t  is  d ifficu lt to conso lidate  v a rio u s  k inds of goods into 
an aggregate  output figu re  by using  p h y sica l u n its .
Second, r e fe r s  to the g ro s s  output of s e c to r  i .  Since x_
m e a su re s  the p o rtio n  of the output u sed  by s e c to r  i i ts e lf ,  x. - x_ 
g ives the value of i t s  net output. E s tim a tin g  the  net output is  e a s ie r  
than  e s tim atin g  the g ro s s  output, because  to  obtain the la t te r  one 
needs not only the in te r s e c to ra l  flows x^ ^Xi f j) but a lso  the in t r a ­
s e c to ra l flows x _ , quan tities  which a re  not re a d ily  availab le  since 
m any producing  un its  do not m ain ta in  com plete re c o rd s  of sh ipm ents 
am ong the v a rio u s  d ep artm en ts  w ithin  the f irm  (or e s tab lish m en t).
N et output re p re se n ts  the output which can be sold to  o ther 
s e c to rs  o r  co n su m ers  to  e a rn  rev en u e. When net output i s  positive:
X. -  X. .  > 0
1 11
See (5. 31) x^ - a^^ x^ > 0
X . (1 - a ..)  > 0
1 11
1 - -  a .. > 0
11
(5 .37) a .. < 1
T h e re fo re , a s e c to r  can p roduce som e net output only i f  a_  is  
24le s s  than  one. When a ., is  equal to  one, a ll output of the s e c to r  is
24I t should be pointed out th a t the production  of ne t output i ts e lf  
does not a s s u re  th a t som e p a r tic u la r  l is t  of fin a l goods is  a lso
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consum ed in  the p roduction  p ro c e ss  and none is  le ft fo r s a le . When 
a_ is  g re a te r  than one, m o re  a re  consum ed than produced in  the 
p roduction  p ro c e ss  so th a t som e outside stock  of com m odity  is  
needed to  produce nothing sa lab le .
The ac tua l inpu t-ou tpu t ta b le s  a re  co n stru c ted  on a net o r 
g ro s s  b a s is  depending on the av a ilab ility  of data  and cost c o n s id e r­
a tio n s . F o r  the th e o re tic a l d iscu ss io n  in  the p re se n t w ork, both 
v e rs io n s  w ill be u sed  depending on the needs a t hand.
follows from X. -  X. .  > 0, X. .1 11 11 
But the s e c to r  needs i t s  own
pro ducib le . The condition a_ < 1 
being the d ire c t inputs of the s e c to r  
p ro d u c ts  as  inpu ts not only d ire c tly  but a lso  in d ire c tly  through its  
inpu ts of o th e r p ro d u c ts . I t i s ,  th e re fo re , po ssib le  tha t a ll  the net 
output p roduced  m ay  be u sed  up in d ire c tly  to  produce tha t com m odity. 
If th is  i s  the c a se , nothing w ill be le f t o ver fo r  consum ption. Thus, 
the a b ility  of a s e c to r  to  p roduce fin a l goods depends on w hether its  
g ro s s  output exceeds the d ire c t  and in d ire c t input re q u ire m e n t of tha t 
goods i ts e lf .  T hat is ,  to  p roduce one unit of a com m odity, the d ire c t 
and in d ire c t  input re q u ire m e n t of th a t good i ts e lf  m u st not exceed  one 
un it. T h is  is  known as the  H aw kins-S im on condition.
D orfm an, Sam uelson, and Solow e x p re ss  th is  concept as 
follow s; " . . . If we add up the d ire c t  and in d ire c t inputs of coal 
th a t go in to  a ton of output (the co a l to  m ake coal, the coal to  m ake 
coal to  m ake coal, the coal to m ake s te e l  to  m ake coal, the coal to  
m ake s te e l to  m ake coal to  m ake co a l, the coal to  m ake s te e l to  m ake 
s te e l to  m ake coal, e t c . , ad in fin itu m ), . . .  a ll th is  w ill be le ss  
than  one ton. " See, D orfm an, S am uelson , and Solow, p. 215.
The H aw kins-S im on condition m ay  be s ta ted  m ath em atica lly  as 
follows:
1 - afi > 0  (i = 1 , . . . , n ) 
1 - a
11 
- ^ 2 1  ^










T h ird , the above m odel is  called  an open L eon tief m odel b e ­
cause  th e re  a re  som e q u an titie s  of output which a re  d e term ined  outside 
the m odel. S pecifically , the se t of fina l-dem and  values
Dg, . . . , a re  fixed exogenously; the m odel i ts e lf  d e te r ­
m ines the values of the endogenous v a ria b le s  x^, x,^, . . . , x on 
the b a s is  of the given final dem and values and the production  co ­
effic ien ts  (or the p a ra m e te rs  of the m odel).
The m odel can be "c lo sed "  by defining p roduction  coeffic ien ts
fo r the final dem and e n tr ie s  and t r e a t  the final dem and values as in-
25puts fo r the household s e c to r  w hose output is  la b o r. Although
L e o n tie f  s o rig in a l fo rm ulation  w as developed as a closed  m odel,
fu r th e r  ex p erien ce  has shown tha t the open m odel is  s u p e r io r  in
26flex ib ility  and app licab ility .
F o u rth , the above m odel is  a s ta tic  one based  on the a ssu m p ­
tion  th a t the to ta l outlays of each  s e c to r  is  equal to  i ts  to ta l re c e ip ts .
See, D. Hawkins and H. A. Sim on, "Note: Some C onditions of 
M acroeconom ic S tab ility , " E co n o m e tric a , Ju ly -O c to b e r , 1949, pp. 
245-248. F o r  a g rap h ica l and an a ly tica l d iscu ss io n  of th is  fo r  the 
case  of a tw o -se c to r  econom y, see , D orfm an, Sam uelson, and Solow, 
pp. 212-215.
2 5A de ta iled  and sp ec ific  developm ent of the c lo sed  m odel is  
not u n d ertaken  b ecau se  i t  does not se rv e  the p u rp o se  of th is  study.
The p rob lem  of ag g regation  i s  the sam e w ith re g a rd  to both m odels. 
F o r  a sim ple  tre a tm e n t of the c losed  m odel see , Yan, pp. 39-41.
^^Cf. the new ch ap te rs  of the 1951 ed ition  of L eon tief, The 
S tru c tu re  of A m erican  Econom y, 1929-1939, w ith the old.
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U nder ac tu a l dynam ic conditions, a p a r t of outlays a re  expenditure
on cap ita l equipm ent not c u r re n t p roduction . To finance th is  cap ita l
expansion , the producing  u n its  m ay draw  on accum ulated  savings of
27the p ast o r draw  on c u rre n t rev en u es . The prob lem  of aggregation  
w ill be s tud ied  in re la tio n  to  the s ta tic  m odel alone. It ap p ears  th a t 
the n a tu re  of the p rob lem  would v a ry  sign ifican tly  in going from  the 
s ta tic  to the dynam ic m odel. T h e re fo re , the fact that the aggregation  
p ro b lem  is  s tud ied  ex c lu s iv e ly  in  re la tio n  to the s ta tic  m odel in  th is  
w ork  is  only due to  the n e c e s s ity  of lim itin g  the scope of the study.
An in v estig a tio n  of the p ro b lem  in  re la tio n  to the dynam ic m odel can 
by i ts e lf  p rov ide su b jec t fo r  a s izab le  r e s e a rc h  p ro jec t.
F ifth , the m odel p re se n te d  above is  based  on a num ber of 
a ssu m p tio n s  w hich should be m ade ex p lic it. Since som e of th ese  a re  
d ire c tly  re la te d  to  the p ro b lem  of ag g regation  of in d u s tr ie s , th e ir  con­
s id e ra tio n  is  b e s t postponed to  the next ch ap te r w here the aggregation  
p ro b lem  is  t r e a te d  in d e ta il. Only the assum ptions re la te d  to  the p ro ­
duction co effic ien ts  w ill be  d iscu ssed  h e re . Since production  co­
e ffic ien ts  co n stitu te  the  v e ry  co re  of L e o n tie f  s m odels, it  is  n e c e ssa ry  
to  exam ine them  in  d e ta il.
27 F o r  an ex ce llen t d iscu ss io n  of dynam ic input-output m odels, 
s e e , D orfm an , S am uelson , and Solow, C h ap ters  XT and XII. F o r a 
m o re  e le m e n ta ry  tre a tm e n t see , Yan, pp. 124-126; and H ollis B. 
C henery  and P au l G. C la rk , In te r in d u s try  E conom ics, New York: 
John W iley and Sons, In c . ,  1967, pp. 71-79.
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A. P ro duction  C oeffic ien ts and P roduction  Function 
R ecall fro m  C hap ter IV th a t inputs of in d u s try  j co n sis t of 
two types: the produced inputs [x x , . . , x .] and the
p r im a ry  inputs which w ill be denoted by x^^. Then the production 
function fo r the j- th  s e c to r  can be w ritten  in g en e ra l fo rm  as;
(5. 38) X.  = x.(x , X X . . . , X ) (j = 1, 2, . . . , n) 
3 3 uj i j  nj
w here x  ^ denotes the g ro s s  output of s e c to r  j as  w ell as  a functional 
notation fo r  the production  function of th a t s e c to r . In th is  g en e ra l 
fo rm , th is  production  function d iffe rs  from  the ones u su a lly  assum ed  
in  m icroeconom ics in tha t i t  has  inpu ts of not only p r im a ry  re s o u rc e s  
but a lso  c u rre n tly  p roduced  co m m odities . In c o n tra s t w ith th is , the 
tra d itio n a l production  function m ay  be w ritten  as;
(5.39) Q = Q(K, L , N)
w here  K, L , N denote cap ita l, la b o r , and land; Q denotes output 
as  w ell as the functional notation fo r  the p roduction  function. T hus, 
the tra d itio n a l p roduction  function i s  fo rm u la ted  in  te rm s  of the 
p r im a ry  inpu ts alone, leaving  c u rre n tly -p ro d u ce d  inpu ts out of the 
p ic tu re . The m o re  recen t l i te ra tu re  of m a th em atica l econom ics.
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2 8does not conform  to the tra d itio n a l fo rm ulation .
F u r th e r , the se t of p roduction  functions in  (5. 38) c o n s is t of 
n se p a ra te  p roduction  functions, one fo r each s e c to r  of the econom y.
L eontief m akes two sp ec ific  assum ptions w ith re g a rd  to the 
p roduction  function in  (5. 38):
(a) constan t re tu rn s  to  sca le ;
(b) fixed coeffic ien ts  of production .
He supposes th a t it tak es  a c e r ta in  m in im al input to  each com m odity
(possib ly  zero ) p e r un it of output of each  com m odity. "The w ord
'm in im a l' is  of som e im p o rtan ce ; if  i t  tak es  two tons of o re  to  y ield
one ton of iro n , no doubt the sam e iro n  could be produced fro m  even
m o re  o re , but a s  long a s  iro n  o re  h as  value, nobody w ill be s illy
29enough to u se  m ore  than  the abso lu te ly  re q u ire d  two tons. "
T h is sp ec ia l L eo n tie f function can  be w ritten  in  the u su a l 
fo rm  (5. 38). L e t a^  ^ be the re q u ire d  m in im al input of i - th  p e r  unit 
output of j - th  s e c to r .
Then,
28Cf. H enderson , J .  M . and Quandt, R. E . , M icroeconom ic 
T heory: A M athem atica l A pproach , New York: M cG raw -H ill, 1958.
29D orfm an, Sam uelson, and Solow, p. 209.
,5 .4 0 ,
(j = 1 , 2 , . . . , n)
Now note th a t i f  e v e ry  input is  in c re a se d  X-fold the output 
w ill be X tim e s  g re a te r  a lso ; th a t i s ,  the  function (5 .40) is  sub jec t 
to  constan t re tu rn s  to sca le :
lin ^
^Oj ' ^Ij ' ^2j ' ‘
= X m ini
^Oj ^Ij *2j
(5 .41) = Xx
A function w ith th is  p ro p e r ty  is  sa id  to  be hom ogeneous of d eg ree  one.
If a _  is  z e ro  (a com m odity  not needed a t a ll  in  a c e r ta in  in ­
d u s try ), the  co rre sp o n d in g  te rm  fro m  the r ig h t-h an d  side of (5. 40)
X.  .
can be om itted . A lte rn a tiv e ly , —— can  be re g a rd e d  as  in fin ity , in
ij
w hich case  i t  w ill c e r ta in ly  n e v e r be the lim itin g  sm a lle s t  num ber in
(5 .40).
A no ther w ay of w ritin g  (5 .40) i s  to  note th a t s ince  x. equals
X X , X . X . ^
the s m a lle s t of — - , — - , — - , . . . , —^  , i t  m u st be le s s  than 
^Oj ^ I j ^ 2 j \ j
o r  equal to  a ll  (n + 1 ) of the  ra tio s :
X. .
(5 .42) X.  < (i = 0, 1, 2, . . . , n)
" ij
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o r, w ritten  out in  fu ll.
^ 0 1  -  ^ - 1 ^ 1 ' ^ 1 1  -  ^ 1 1 * 1 ' ^ 2 1  -  * 2 1 * 1 ...................* n l -  * n l* l
^ 0 2  -  *0 2 * 2 ' * 1 2  -  * 1 2 * 2 " * 2 2  -  *2 2 * 2 ’ * ' ' ' *n 2  -  *n2 * 2
(5.43)
* 0 n — *On*n’ * ln  — * ln * n ’ * 2 n — * 2 n*n' ' ' ' ’ *nn— *nn*n
w ith eq uality  holding a t le a s t  once in  each  row (in fac t, w ith  eq uality
holding ev eryw here  i f  none of the com m odities concerned  a re  f re e
^ \ 30 goods).
M atrix  A in  (5. 34) is  an nxn m a trix  w hose e lem en ts  a re  
a^j (i, j = 1, 2, . . . , n) a s  defined in  (5 .43) above. T his m a tr ix  
is  the p roduction  function of the econom y co n sis tin g  of n sep a ra te  
p roduction  functions a s  each  of i ts  colum ns d e sc rib e s  the p roduction  
function of the co rre sp o n d in g  in d u s try . I t ex h au stiv e ly  d ep ic ts  the 
technology in te rre la tio n sh ip s  w ith in  the econom ic sy s tem .
In o rd e r  to  com pare  the L eo n tie f w ith the tra d itio n a l p roduction  
function, the g en e ra l fo rm  (5. 39) is  not of in te re s t ;  i t  m u s t be given 
a  co n cre te  content by m eans of e ith e r  im posing  som e r e s tr ic t io n s  on it-- 
such a s , fo r exam ple, re q u ir in g  i ts  f i r s t  and second d e riv a tiv e s  to  be 
positive  and negative, re sp e c tiv e ly , ind ica ting  d im in ish ing  r e tu r n s - - o r
3f>
i b id . , pp. 209-210.
'dZ7
by specify ing  the function  by m eans of a fo rm u la . This la t te r  a l t e r ­
native w ill be chosen  h e re .
The sp ec ific  production  function used  m ost often fo r th e o re t­
ic a l and e m p ir ic a l  w ork both in m ic ro -  and m acroeconom ics is  the
C obb-D ouglas p roduction  function. T h e re  a re  o ther production
31functions, such  a s  the G .E . S. function, which a re  of co n sid e rab le  
th e o re tic a l in te re s t .  But the re la tiv e  s im p lic ity  as  w ell as  the 
popu larity  of the C obb-D ouglas function as com pared  with the G .E . S. 
or o th e r sp ec ific  functions lead  one to  p re fe r  it  to the o ther fo rm s.
3. C obb-D ouglas P ro d u ctio n  Function
Oi 3The g e n e ra l fo rm  of the C obb-D ouglas function is  Q = AK L
w here A is a  co n stan t coeffic ien t and a  and j3 a re  positive 
32p a ra m e te rs . K  and L a re  inputs of c ap ita l and labo r, r e s p e c ­
tiv e ly ; and Q denotes output. The co n stan t A is  a p aram eter of the
31C .E .S .  s tan d s  fo r "co n stan t e la s tic ity  of substitu tion . " 
T h is  function  in c lu d es  the  C obb-D ouglas p roduction  function as a 
sp ec ia l c a se . See, K. J .  A rrow , H. B. C henery , B. S. M inhas, and 
R. M. Solow, "C ap ita l-L ab o r Substitu tion  and Econom ic E fficiency, " 
Review  of E conom ics and S ta tis tic s  (August, 1961), pp. 225-250; fo r 
a m o re  e le m e n ta ry  tre a tm e n t see , Chiang, pp. 382-384, o r  Hans 
B re m s, Q uan tita tive  E conom ic T h eo ry : A Synthetic A pproach, New 
Y ork: John W iley and Sons, In c ., 1968, pp. 69-70.
32M. B ro n fen b ren n er and P . H. Douglas, "C ro ss  Section 
Studies in  the C obb-D ouglas Function , " Jo u rn a l of P o litic a l Econom y, 
D ecem ber, 1939.
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33o v e ra ll p roductiv ity , and it can be abso rb ed  into the units chosen  
fo r m easu rin g  output Q. T h e re fo re , w ith a p ro p e r choice of units, 
the Cobb-D ouglas function can  be w ritten  a s :
(5 .44) F(K, L) » Q = (a > 0, /3 > 0)
T h is  function is  hom ogeneous of deg ree  or + /3:
(5, 45) F ( K, L) «
Hence, th e re  a re  in c re a s in g  re tu rn s  to  sca le  if  a  + j3 > 1 and d e ­
c re a s in g  re tu rn s  to  sc a le  if a  + ^ < 1. F o r  constan t re tu rn s  to  sca le , 
a  + / 3 » l  or  j 3 » l - o ' .  T hus, the C obb-D ouglas function w ith  co n ­
s tan t re tu rn s  to s c a le  has only one p a ra m e te r:
(5 .46) Q ■ ^  w here 0 < « < 1
The m a rg in a l p roducts of c ap ita l and lab o r a re :
(5 .47)  = - f -
(5.48) | â  . ( ! - „ )  L-°'K“  = ( l - a ) i ^ ^ ^  =
Now the ra tio  of the  m a rg in a l p roducts  (or the "m arg in a l r a te  of 
su bstitu tion") is :
33Allen, M acroeconom ic T h eo ry  . . . , p. 49.
(5. 49)
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3Q (1 - g)Q
8 K 9L L 1 - û- K_
9L 9Q gQ a  ' L
9K k
That is , the equivalent of one unit of lab o r in p roduction  is 1 - g jC O' * L
units of c ap ita l. T h e re fo re , under com petitive  conditions, the p rice
of lab o r P  m u st be —— — . tim e s  the p rice  of cap ita l:^^L a  L,
(5. 50) P , = —  —  . —  P ,
It follow s tha t;
(5. 51)
L a  K
K a
L 1 - a  •
Equation (5. 51) is  a  v e ry  im p o rtan t re s u lt .  It in d ica tes  th a t the
c a p ita l/la b o r  ra t io  is  constan t as  long as the re la tiv e  p ric e  of the two
fa c to rs  re m a in  the sam e, provided  th a t the  p roduction  function is  of
35Cobb-D ouglas fo rm . In p a rtic u la r , the op tim al fac to r-co m b in a tio n  
ra tio  is  independent of the  lev e l of output. Once the  ra tio  is  e s ta b ­
lish ed  by p ro fit-m ax im iz in g  e n tre p re n e u rs , it con tinues to  be
34F o r  fu r th e r  d iscu ss io n  along th is  line  see , Yan, pp. 26- 
29. Yan avoids ca lcu lus to  keep  the  le v e l of tre a tm e n t e lem en ta ry . 
But h is a rg u m en ts  a re  e sse n tia lly  those  p re se n te d  above.
35Note tha t the assum ption  of constan t r e tu rn s  to  sca le  is  
not n e c e s sa ry  fo r a rr iv in g  at the above conclusion . F o r  the  case  of 
cx + 13 4 1 the condition w ill be s ta te d  as
33U
op tim al a s  long as  the p a ra m e te r  of the production function a  and
the re la tiv e  p ric e  ——  re m a in  the sam e.
K
T h e re fo re , the C obb-D ouglas production  function p re sen te d  
above not only is  su b jec t to  co n stan t re tu rn s  to  sca le , but a lso  it 
d isp lays the phenom enon of co n stan t input ra t io s .  That is , the ra tio s  
of v a rio u s  inputs to  one an o th er on the  one hand and to output on the 
o ther a re  constan t co e ffic ien ts . But th is  is  p re c ise ly  the assu m p tio n  
of L e o n tie f  s production  function! The only d ifference  is  th a t the 
constancy  of the co effic ien ts  in the  c a se  of the C obb-D ouglas function 
is  the re s u lt  of the  op tim izing  b eh av io r of e n tre p re n e u rs  under c o m ­
petitive  conditions, w h e rea s , in  the case  of L e o n tie f  s function, i t  is  
b ased  on the a ssu m p tio n  of te c h n ic a l nonsubstitu tab ility .
The above fo rm a l an a log ies betw een L e o n tie f  s production  
function and a p a r tic u la r  sm ooth  n e o c la s s ic a l fu n c tio n --th e  C obb- 
D ouglas fu n c tio n --sh o u ld  not b lu r the  sh a rp  d iffe ren ces  th a t e x is t b e ­
tw een the L eon tief and the g e n e ra l n e o c la ss ic a l function. The la t te r  
is  c h a ra c te r iz e d  by sm ooth  su b stitu tab ility  among fa c to rs  and 
d im inish ing  re tu rn s  to  each  fa c to r  when a ll  the o ther fa c to rs  a re  held 
constan t.
L eon tief notes th a t " fa r  reach in g  th e o re tic a l consequences
K a  
L " g rs.
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ensue fro m  our choice of th is  p a r tic u la r  function [ th a t is, L e o n tie f  s 
type]. It m eans no le s s  than a fo rm a l re je c tio n  of the m arg in a l p ro ­
ductiv ity  th eo ry ; in  th is  se tu p  a ll fa c to rs  ap pear to  be s tr ic tly  co m ­
p lem en tary  o r  lim ita tio n a l. The m a rg in a l p roductiv ity  of any of them  
. . . equals  z e ro ; the  output would not in c re a se  u n less  the inputs of 
a ll o th e r fa c to rs  w ere  a lso  in c re a se d  accord ing  to  th e ir  re sp ec tiv e  
co effic ien ts  of p roduction . The sam e r e s tr ic t io n  can  be fo rm u la ted  
in  an o th er way by saying tha t our p roduction  functions exclude te c h ­
n ica l su b s titu tab ility  of fa c to rs  w ithin  the  fram ew o rk  of any given
, ,,36production  p ro c e ss . . . .
N e v e rth e le ss , as D orfm an, Sam uelson, and Solow have
done, w ith in  a b ro a d e r  fram ew ork , the  a n a ly s is  can  be pushed m uch
fu r th e r ; and m any of the  fo rm a l p ro p e r tie s  of one type of production
37function can  be e s ta b lish e d  fo r the o th e r type as w ell.
It is  in te re s tin g  to  note th a t the  em p iric  a lly -o rie n te d  fo rm u ­
la tions of p roduction  function ten d  to  be m uch m o re  d isag g reg a tiv e
38than  the  u su a l th e o re tic a lly  o rie n te d  ones.
^^L eontief, pp. 38-39.
37D orfm an, Sam uelson, and Solow, pp. 375-381.
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4. S um m ary  and C o n tra s t
T h is  c h ap te r  w as devoted to  the  study of the  th e o re tic a l 
foundations of n a tio n a l incom e and inpu t-ou tpu t accounting. The 
accounting  sch e m e s  s tu d ied  in  the la s t  ch ap te r w ere  b ased  on the 
lo g ic a l fram e w o rk s  p re se n te d  h e re . Indeed, the la t te r  do not m e re ly  
p rov ide a guide to so c ia l  accounting; they  a re  the p rin c ip a l ju s t if i­
ca tio n  fo r i t .  S ocia l accounting  is  p r im a ri ly  an a ttem p t to a b s tra c t 
e m p ir ic a lly  c e r ta in  fe a tu re s  of the  so c ia l econom y w hich a  given 
th e o ry  d eem s a s  e s s e n tia l .  T he two accounting sy s te m s  stud ied  in  
the  p reced in g  c h ap te r  and the  co rre sp o n d in g  th e o re tic a l  sy stem s  
stu d ied  in  th is  c h ap te r  a re  r e la te d  in  th is  m anner.
A no ther o b jec tive  of the  th e o re tic a l  d iscu ss io n  in  th is  
c h ap te r  w as to  p rov ide som e of the ap p ara tu s  needed fo r the  an a ly s is  
of the  p ro b lem  of ag g reg a tio n  to be s tu d ied  in  the following ch ap te r.
F in a lly , a  co m p ara tiv e  study of two such im p o rtan t th e o ­
r e t ic a l  f ra m e s  is  ju s tif ia b le  in  i ts  own rig h t. T hese  two a re  the 
m ost im p o rtan t thought tre n d s  in  re c e n t m acroeconom ic  th eo ry .
A c o m p ariso n  of the  two sy s te m s  as p re sen te d  above re v e a ls  
c e r ta in  d iffe ren c es  and  s im ila r i t ie s  w hich can be ou tlined  a s  fo llow s;
Both sy s te m s  t r e a t  the  n a tio n a l econom y a s  th e  sy stem  
under in v estig a tio n . T h e re fo re , th e ir  th e o re tic a l m odel i s  about the 
whole (not a po rtion ) of the econom ic sy s te m . The m odels p roposed
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involve sy s te m s  of s im ultaneous equations, so lu tions of which yield  
the v a lu es  of c e r ta in  m acroeconom ic  v a r ia b le s  which a re  p roposed  
to be d e te rm in ed  by the sy stem . In o rd e r  to  tra n s la te  the g en era l 
th e o re tic a l fo rm u la tio n  into a spec ific , e m p ir ic a l m odel, it  is n e c e s ­
s a ry  to  e s tim a te  the values of the p a ra m e te rs . The p a ra m e te rs  of 
the input-output an aly sis  a re  the  co effic ien ts  of production, and those 
of the K eynesian  sy stem  a re  the co effic ien ts  of the v a ria b le s  in  the 
m odel.
Both th e o re tic a l sy s te m s  a ttem p t to  "exp lain" o r de te rm in e  
the v a lu es  of som e m acroeconom ic  v a r ia b le s  by the m odel and leave 
o th e rs  e ith e r  com pletely  out of th e  m odel o r as exogenous v a r ia b le s - -  
th a t is , qu an titie s  th a t a re  given on the b a s is  of in fo rm ations w hich 
a re  not p re se n t in  the m odel i ts e lf .  W hether a p a r tic u la r  v a r ia b le  is  
t r e a te d  as  exogenous o r  endogenous depends on the  scope of the 
p a r tic u la r  fo rm u la tio n  of the m odel at hand in  e ith e r  c ase . F o r  
exam ple, consum ption  expend itu res and incom e a re  tre a te d  as 
exogenous v a r ia b le s  in  the open L eontief sy stem ; w h ereas  ano ther 
p a r tic u la r  fo rm u la tio n  of the m odel m ay t r e a t  th em  as an endogenous 
v a r ia b le s . In sum , the  g e n e ra l eq u ilib riu m  fram ew o rk  w ith a l l  i ts  
m ethodolog ical ra m ifica tio n s  is  com m on to  both sy s te m s . Even 
though the d iscu ss io n  in th is  ch ap te r w as developed s tr ic t ly  along 
s ta tic  and com p ara tiv e  s ta tic  te rm s , a rev iew  of the  l i te ra tu re  shows
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tha t dynam ics, com p ara tiv e  dynam ics, and d isequ ilib rium  dynam ics 
provide channels of fu r th e r  developm ent in  e ith e r  sy stem .
Hence, the  e s se n tia l d ifferences cannot be tra c e d  to  the 
object of s tu d y --fo r  both sy s te m s  a re  concerned  w ith the nationa l 
econom y as the unit of s tu d y --o r  to the m ethodological fe a tu re s . 
Instead , i t  is  the p a r tic u la r  assum ptions m ade about the in te rn a l 
s tru c tu re  of the national econom y tha t constitu te  the a re a  of d if fe r ­
ences .
The K eynesian  sy stem  view s the national econom y as  a 
whole which can  be understood  by m eans of studying few aggregate  
q uan tities  and the mode of th e ir  in te rdependence. An o v e ra ll co n ­
sum ption function, in v estm en t-ex p en d itu re s  function, m oney - dem and 
functions, la b o r-m a rk e t functions, and finally  the ag g regate  p ro d u c­
tion  function provide the b a s is  fo r  analyzing the beh av io r of the 
national econom y as a whole. In c o n tra s t to  th is , the  L eontief 
sy stem  re q u ire s  a  d e ta iled  setup  w hich d e sc r ib e s  the econom y in  
te rm s  of its  m any s e c to rs  and the m ode of in terdependence  of th ese  
se c to rs . The L eontief sy stem  is  concerned  w ith the  s tru c tu re  of the 
econom y as re v e a le d  by the netw ork  of exchanges th a t continually  
occur betw een the v a rio u s  producing units of the n a tiona l econom y.
Since the K eynesian  sy s tem  is  fo rm u la ted  in  te rm s  of v e ry  
b road  ag g reg a tes  to  begin with, the  prob lem  of fu r th e r  aggregation
w ithin  it is  nonexisten t and at b e s t t r iv ia l .  But the p rob lem  is  
im m en se ly  im p o rtan t in re la tio n  to  inpu t-ou tpu t an a ly s is . Indeed, 
a s  i t  w ill be shown in  the follow ing c h a p te rs , the  v e ry  concept of 
" s e c to r"  d ire c tly  involves an exam ination  of the aggregation  p ro b lem . 
It w ill be shown th a t the L,eontief sy s te m  has provided, foi" tlie f i r s t  
tim e , a fram ew o rk  fo r a sy s te m a tic  study of co llec tio n  and c la s s i ­
fica tio n  of da ta  in  re la tio n  to  the n a tio n a l econom y. The im p o rtan ce  
of th is  co n trib u tio n  w ill be a p p ra ise d  in  a se p a ra te  ch ap te r devoted 
to  the  su rv ey  of e m p ir ic ism  in  econom ics and o th e r sc ie n c e s .
CHAPTER VI
AGGREGATION AND CLASSIFICATION
In the p rev ious c h ap te rs  the e s s e n tia l  fe a tu re s  of the K eynesian  
and L eon tief th e o re tic a l  sy s te m s  w ere  p re sen te d . T h is w as done in  
o rd e r  to prov ide the background in fo rm ation  n e c e s sa ry  fo r  the  analy ­
s is  of the ag g regation  p ro b lem . It w ill be shown th a t the agg regation  
p rob lem  is  t r iv ia l  in  re la tio n  to  the K eynesian  m odel but e x tre m e ly  
im p o rtan t in  re la tio n  to  the  L eon tie f sy stem . In the K eynesian  m odels 
th is  p rob lem  is  expec ted  to  be coped w ith by those  who a ttem p t to  
sp ec ify  the m odel s ta t is t ic a lly . T hus, in  an u ltim a te  sen se  the p ro b ­
lem  does not d isap p ea r; i t  s im p ly  changes hands. At any r a te ,  i t  is  
n e c e s s a ry  to m ake the a ssu m p tio n s  of the  inpu t-ou tpu t an a ly s is  ex p lic it 
because  th is  h as  a  d ire c t  b e a rin g  on the agg regation  p ro b lem . T h is is  
done in  the f i r s t  sec tio n .
Section 2 p re s e n ts  the n a tu re  of the ag g regation  p ro b lem . T h is 
i s  followed by  a fo rm a l study  of the question  in  sec tio n  3. Sections 4 
and 5 d iscu ss  the m odifica tions to  be expected  w ith re g a rd  to  the th e o ­
re t ic a l  p ro p o sitio n s  de riv ed  in  sec tio n  3. T hese  a re  both of a  th eo ­
re t ic a l  a s  w ell as  e m p ir ic a l n a tu re .
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1. A ssum ptions of Input-O utput A nalysis
Input-output a n a ly s is  conceives the econom ic sy stem  as  con­
s is tin g  of a n u m b er of s e c to rs . The b a s ic  assu m p tio n s  of inpu t-ou tpu t 
a n a ly s is  r e la te s ,  th e re fo re , to  the defin ition  of a s e c to r , i ts  tech n ica l 
and econom ic b eh av io r, and the m ode of i ts  in te rre la tio n sh ip  w ith the 
o th e r s e c to rs  in  the econom y. A p re c ise  s ta tem en t and evaluation  of 
th e se  a sp e c ts  of the p ro b lem  is  n e c e s s a ry  if  a  com prehensive  view of 
the n a tu re  of inpu t-ou tpu t a n a ly s is  i s  d e s ire d . It tu rn s  out th a t the 
ag g reg a tio n  p rob lem  i s  of c e n tra l  im p o rtan ce  to  th is  a rgum en t. T h e re ­
fo re , the a rg u m en t can  ju s tif ia b ly  be developed in  de ta il.
A s e c to r  is  defined a s  a  p roductive  un it w ith the following 
c h a ra c te r is t ic s :
(1 ) I t  p roduces co m m odities  w hich a re  hom ogeneous, hom o­
g en eity  being u n derstood  a s  p e rfe c t su b stitu tab ility  in  a ll u s e s . T his 
im p lie s  th a t each  s e c to r  p ro d u ces  one and only one com m odity.
(2) It app lies only a s ing le  technique of p roduction . By 
" technique of production" i s  m ean t the  re la tiv e  q u an titie s  of v a rio u s  
in p u ts  u sed  fo r  the p roduction  of i t s  output.
(3) I ts  inpu ts depend so le ly  on the  lev e l of i t s  output. U sually  
the s tro n g e r  assu m p tio n  of l in e a r  dependence is  a ssu m ed . T hat i s ,  the 
p roduction  function in  a s e c to r  is  a ssu m ed  to  be su b jec t to  constan t 
r e tu rn s  to  sca le .
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(4) The to ta l e ffec t of c a rry in g  on s e v e ra l types of p roduction  
is  the sum  of the sep a ra te  e ffec ts . T his is  known as the add itiv ity  
assu m p tio n . ^
T hese a re  the n e c e s sa ry  th e o re tic a l c r i te r ia  re la te d  to  the 
concept of s e c to rs  in  inpu t-ou tpu t a n a ly s is . N eed less  to  say , th ese  
a re  v e ry  re s tr ic t iv e  re q u ire m e n ts . But th is  r e s tr ic t iv e n e s s  i s  not as  
m uch as i t  m ight ap p ear on a f i r s t  exam ination  of the p rob lem . The 
prob lem  m u st be sc ru tin iz ed  c lo se ly .
As fa r  as  the f i r s t  re q u ire m e n t-- th e  assum ption  th a t each  
s e c to r  m u st produce only a  single co m m o d ity --is  concerned , th e re  
seem s to  be little  d ifficu lty  expected . The econom y can e a s ily  be 
thought of as  a co llection  of p roductive u n its , each  of which p roduces 
a single com m odity . The only s e r io u s  d ifficu lty  h e re  is  th a t i t  m ay 
lead  to  a m odel w ith s e v e ra l  thousand  s e c to rs ,  one th a t would not be 
of m uch p ra c tic a l  value w ith the ex isting  com puting technology. As 
f a r  as  th e o re tic a l co n sid e ra tio n s  a re  concerned , an in c re a s e  in  the 
num ber of d is tin c t s e c to rs  in  the  m odel does not a ffec t the qualita tive  
com plexity  of the m odel.
The second assum ption , which s ta te s  th a t each  s e c to r  app lies
C henery  and C la rk , pp. 34-35; and Edm ond M alinvaud, 
"ag g reg a tio n  P ro b lem s in  Input-O utput M odels, " The S tru c tu ra l 
In terdependence  of the  Econom y; P ro ceed in g s  of an In te rn a tio n a l Con­
fe ren ce  on Input-O utput A n a ly sis , V erna , Ju n e -Ju ly , 1954, ed. Tib o r 
B arn a , New York: John W iley and Sons, I n c . ,  1955, pp. 192-93.
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only a single productive techn ique, ap p ea rs  to  be a d ire c t den ial of 
the notion of fa c to r substitu tion  w hich is  so com m only accep ted  in  
tra d itio n a l econom ics. Two types of re la te d  but d is tin c t p ro p o sitio n s  
lie  behind the notion of continuous fa c to r  substitu tion: F i r s t ,  i t  is  
a rg u ed  th a t a  given com m odity  is  producib le  with m any a lte rn a tiv e  
productive techn iques. Second, i t  is  held  th a t the "op tim al" p roduc­
tive  technique is  se lec ted  by  the e n tre p re n e u rs  on the b a s is  of the 
re la tiv e  p r ic e s  of inpu ts . Should th e se  re la tiv e  p r ic e s  change, the 
p ro fit-m ax im iz in g  e n tre p re n e u rs  w ill r e s o r t  to  a  new technique w ith 
a new se t of re la tiv e  input q u an titie s . L eontief a rg u es  th a t th is  mode 
of a rgum en t depends h eav ily  on the u se  of highly  aggregative  concepts 
in  the  tra d itio n a l econom ic th e o ry : .
A la rg e  num ber of econom ic phenom ena, w hich in  
econom ic d iscu ss io n  a re  r e f e r r e d  to  as  in s ta n ce s  of fa c to r  
su bstitu tion , prove upon c lo s e r  exam ination  to  be of a  quite 
d iffe ren t n a tu re . The conventional in te rp re ta tio n  of the 
m arg in a l p ro d u c tiv ity  th e o ry  is  v e ry  often linked w ith  the 
ra th e r  b ro ad , not to  sa y  u n d isc rim in a tin g  u se  of the te rm  
'fa c to r  of production . ' The v en erab le  tr in i ty  of 'lan d , la b o r , 
and cap ita l ' seem s s t i l l  to  dom inate the  fie ld  of th e o re tic a l 
d iscu ssio n . It is  c lo se ly  linked  w ith the tra d itio n a l approach  
to  the sy stem  of n a tio n a l econom y as  if  the la t te r  w e re  a 
single trem en d o u sly  com plicated  production  p ro c e ss  a b so rb ­
ing the s e rv ic e s  of land , la b o r , and cap ita l on the  one side 
and throw ing out the  na tional p roduct on the o th e r. If  fu r ­
th e r  d iffe ren tia tio n  is  in tro d u ced  a t a ll, i t  r a r e ly  goes b e ­
yond the conventional d is tin c tio n  betw een co n su m ers ' and 
p ro d u c e rs ' goods in d u s tr ie s . Now, if  we com pare  th is  
sim plified  schem e w ith the m o re  re a l is t ic  p ic tu re  of our 
econom ic sy stem , w hich in s te ad  of one, two, o r th re e  
would include dozens of se p a ra te  in d u s tr ie s , i t  becom es 
evident th a t the concept of tech n ica l substitu tion  and the
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law of v a riab le  p ro p o r tio n s - - if  applied  to  aggregative  in d u s- 
t r i e s  (E m phasis added, M. M. )--h av e  in  the m ain no o ther 
function than  to  conceal the nonhom ogene ous c h a ra c te r  of 
the conventional in d u s tr ia l c la s s if ic a tio n . If two h e te ro ­
geneous subdiv isions of the consum ption goods in d u s t r ie s - - 
fo r  exam ple foodstuffs as  c o n tra s te d  w ith the  autom obile 
in d u s try - - a re  using  land, la b o r, and cap ita l in  fixed but 
s ig n ifican tly  d ifferen t p ro p o rtio n s , any change in  th e ir  
re la tiv e  s ize  w ill n e c e s s a r i ly  be accom panied  by a v a r i ­
a tion  in the re la tiv e  am ounts of land , la b o r , and cap ita l 
abso rbed  by the consum ption  goods in d u s try  as a w hole.
M any an econom ist w ill in te rp re t  th is  phenom enon as  a 
change in  fa c to r  com bination w ith in  the consum ption 
goods in d u s try . ^
F u r th e r  a rgu ing  along the sam e lin e , L eon tief no tes th a t f r e ­
quent re fe re n ce  to  su b s titu tab ility  of fa c to rs  is  m ade s im p ly  to  offset
3
a  c e r ta in  b lu rre d n e s s  of the  agg reg a tiv e  concep ts used .
The above a rg u m en t i s  not m ean t to  p ro pose  th a t the assum ption  
of fixed co effic ien ts  is  com ple te ly  re a l is t ic .  T h is  assu m p tio n  "n e c e s ­
s a r i ly  en ta ils  the ex is ten ce  of som e d is p a r ity  betw een our th e o re tic a l  
schem e and the ac tu a l in d u s tr ia l se tup  i t  is  in tended  to  re p re se n t. 
E m p ir ic a l investig a tio n  alone can re v e a l how sign ifican t th is  d isp a r ity
4
ac tu a lly  i s .  "
H ow ever, som e d eg ree  of fa c to r  su b stitu tio n  is  not in co m p at­
ib le  w ith the fixed co effic ien ts  assum ption . H ere  the d eg ree  of
2
Leontief, The S tru c tu re . . . , 39.




co m p lem en ta rity  m ight be so high th a t even a m o st v io len t v a ria tio n  
in  th e ir  re la tiv e  p r ic e s  could a ffec t the re la tiv e  am ounts of input only 
s lig h tly . As fo r the case  of high d e g re e s  of su b stitu tab ility , L eontief 
has  th is  to  say:
P a ra d o x ic a lly  as  i t  m ay  see m , som e in s ta n ce s  of 
e x trem e  su b s titu tab ility  w ill often be m o re  favo rab le  to  
our a ssu m p tio n  of rig id  p ro p o rtio n s  than even c a se s  of 
high c o m p le m en ta rin e ss . Take the exam ple of two 
m e ta ls  which fro m  a te ch n ica l point of view a re  equally  
w ell adapted to  som e p a r t ic u la r  p roductive  u se . O bvi­
ously  one c r i t ic a l  p r ic e  ra t io  m u s t ex is t a t which the 
re la tiv e  c o s ts  of u s in g  one o r  the o th e r w ill be ex ac tly  
the sam e . In a ll o th e r u s e s ,  the re la tiv e ly  ch eap er 
m a te r ia l  w ill be u sed  ex c lu s iv e ly . The m o st v io len t 
p r ic e  fluc tuation  cannot have even the s lig h te s t e ffec t 
on the  re su ltin g  fa c to r  com bination  so long a s  i t  does 
not swing the ba lance  to  the  o th e r side  of the c r i t ic a l  
p r ic e  ra tio . In  a ll  the  n u m ero u s  c a se s  in  which e v e ry  
co st fa c to r  h a s  an u n lim ited  ran g e  of p o ssib le  su b s ti­
tu te s , the ac tua l p r ic e  v a r ia tio n s  a re  sa fe ly  rem oved  
fro m  such  c r i t ic a l  p o in ts , so  th a t the  assum ption  of 
constan t p ro p o rtio n s  is  fo r  a ll  p ra c tic a l  p u rp o ses  
e n tire ly  ju s tif ied .
T h e re  is ,  of c o u rse , no w ay to  p rove  the  la s t  s ta tem en t a  p r io r i . The
following o b se rv a tio n s  m ay  m ake i t  p lau sib le : Take two inpu ts  such as
co p p er and s i lv e r .  As co n d u cto rs  of e le c tr ic i ty  th e se  a re  su b stitu te
goods in  m any  in s ta n c e s . Suppose s i lv e r  is  15 tim e s  m ore  e ffic ien t
in  th is  cap ac ity  than cop p er. T hen a s  f a r  as  th is  p a r t ic u la r  u se  of the
Pg
two m e ta ls  i s  concerned , the  c r i t ic a l  p r ic e  ra tio  is  ------ =1 5 .
^c
^ Ib id ., pp. 40-41 .
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But th e re  i s  no n e c e s s ity  fo r  the ac tu a l p r ic e  ra tio , c a ll it
sP . . to  be equal o r  even c lo se  to  th is  c r i t ic a l  ra t io . T h is is  so
\ P c
b ecau se  the  ac tu a l p r ic e  ra t io  is  d e te rm in ed  by the supply  and dem and 
conditions in  the m a rk e t, w h e re a s  the c r i t ic a l  p r ic e  ra tio  re f le c ts  the 
tech n ica l u se  of the two m e ta ls  in  one p a r t ic u la r  cap ac ity , nam ely , 
conduction of e le c tr ic i ty . In  g e n e ra l, m a te r ia l  in p u ts  a re  u sed  in  
m any  d iffe ren t c a p a c itie s , so  th a t the p a r t  of dem and fo r  such inputs 
re la te d  to  one p a r t ic u la r  u se  can  be expec ted  to  be not so  sign ifican t 
a s  p lay ing  a d e te rm in in g  ro le  in  the  m a rk e t..
F o r  the  ac tu a l p r ic e  r a t io  to  be c lo se  to  the c r i t ic a l  ra tio  
re la tiv e  to  a p a r t ic u la r  u se , the follow ing two conditions m u st be 
p re sen te d :
(a) R ela tiv e  la ck  of o th e r u se s  fo r  the two p ro d u c ts . In case  
of co p p er and s i lv e r  th is  condition  is  not s a tis f ie d  b ecau se  obviously 
th e re  a re  m an y  c a p a c itie s  o th e r than  e le c tr ic i ty  conduction in  which 
th e se  m e ta ls  a re  u sed . In  g e n e ra l, the h ig h e r  the  p a r t ic u la r  dem and 
a s  a  p ro p o rtio n  of the  to ta l dem and fo r each  of the  two p ro d u c ts , the 
m o re  the in fluence  of the p a r t ic u la r  u se  of th e se  p ro d u c ts  on the ac tu a l 
re la tiv e  p r ic e . In  such  c a se s  the  ac tu a l re la tiv e  p r ic e  i s  "pulled" 
c lo se  to  the  c r i t ic a l  ra t io .
(b) The le s s  e la s t ic  the  supply  functions of each  of the two 
p ro d u c ts , the  g re a te r  the tendency  of th e  a c tu a l ra t io  to  be c lo se  to  
the  c r i t ic a l  p r ic e  r a t io .  T h is  tendency  m ay  be negated  by dem and
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co n sid era tio n s  as  outlined in (a) above. T h is point is  obvious b e ­
cause the only sign ifican t dependence betw een the ac tu a l and c r i t ic a l  
ra tio  is  like ly  to be through the dem and side and fo r dem and to  be 
im p o rtan t as a d e te rm in an t of p r ic e , it  is  n e c e s sa ry  to  have a 
re la tiv e ly  in e la s tic  supply schedule .
Note th a t n e ith e r (a) n o r (b) is  a suffic ien t condition by i t ­
se lf . F o r  exam ple if  the supply functions a re  p e rfe c tly  e la s tic , then 
the ac tua l ra tio  is  co m ple te ly  independent of the c r i t ic a l  p rice  ra tio .
On the o ther hand, if  the supply schedules a re  p e rfe c tly  in e la s tic  but 
the re sp ec tiv e  dem ands fo r  the two p roducts  constitu te  only in s ig n ifi­
can t p ro p o rtions of the to ta l dem ands, then again the two p ric e  ra tio s  
sh a ll not be expected  to  be c lo se  except fo r the chance e lem en t.
F u r th e r  note th a t both conditions above m u st be s im u ltan eo u sly  
p re se n t fo r  each  of the two p ro d u c ts . Hence th e re  a re  fou r n e c e s sa ry  
(and in  g en era l independent) conditions th a t m ust be p re se n t in  o rd e r  
fo r the actual and c r i t ic a l  p r ic e  ra tio s  to  be c lo se  out of n e c e ss ity  
( ra th e r  than p u re ly  out of chance). Not m any com m odities can be 
expected  to  sa tis fy  th e se  conditions, though the tru th  of th is  p roposition  
m u st be estab lish ed  by e m p ir ic a l s tu d ies.
The foregoing d iscu ss io n  shows th a t when the h ighly  aggregative  
concepts a re  abandoned in  favo r of m ore  d iffe ren tia ted  ones the a ssu m p ­
tion of a single p roductive  technique c ea se s  to  be as  u n re a lis t ic  a s  i t
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ap p eared  a t f i r s t .  L e o n tie f  s fixed coeffic ien ts  assum ption  is ,  th e re ­
fo re , an approx im ation  to re a lity .
H ow ever, Sam uelson h as  shown th a t in  the case  of a single 
p r im a ry  fa c to r (labo r), i t  is  p e rm is s ib le  to ig n o re  substitu tion  among 
in p u ts . T his is  the so -c a lle d  " su b stitu tio n  th e o re m .
The th ird  assum ption  which holds th a t the p roduction  function 
in  each  s e c to r  is  sub jec t to  constan t re tu rn s  to  sca le  h a s  a lre ad y  been 
stud ied  in  som e d e ta il in  sec tio n  2 of C h ap ter V. I t m ay  be noted th a t 
th is  l in e a r ity  assu m p tio n  is  re s o r te d  to  p u re ly  due to th e o re tic a l and 
p ra c tic a l  convenience. F u r th e r  developm ent in  data  av a ilab ility  and 
com puting m ethods m ay m ake i t  p o ssib le  to  se t up the m odel w ith non- 
l in e a r ity  a ssu m p tio n s  such  as  in c re a s in g  re tu rn s  to  sca le .
F in a lly , the  fourth  assum ption  ru le s  out e x te rn a l econom ies 
and d iseco n o m ies . M ore fo rm a lly  s ta ted , the add itiv ity  assum ption  
can  be e x p re sse d  as
(6 .1) A + B  = ( A  + B )
w here
^See D orfm an, Sam uelson, and Solow, pp. 224-27; fo r  a m o re  
p a tien tly  exposition  see  C henery  and C la rk , pp. 107-108.
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(6 .2) A =
"" a . "" r  b. a . + bi 11 1 1 1
a^ b„ a„ + b„2 2 2 2
• , B = ,and (A+B) =
a b a + bn n n n
w ith  a^, and a  ^ + being  the i - th  input (output) of the given 
in d u s tr ie s . In spec ific  te rm s  (6 .1 ) s ta te s  tha t two in d u s tr ie s  a 
and b have the sam e p a tte rn  of in te rre la tio n sh ip  w ith the r e s t  of the 
econom y w h e th er th ey  a re  s e p a ra te  in d u s tr ie s  o r  a re  in te g ra te d  in to  
one. In o th e r w o rd s , th e re  a re  no sign ifican t ga ins o r  lo s s e s  to  the 
econom y when two (o r m o re ) in d u s tr ie s  a re  in te g ra te d  in to  one.
I t m ay  ap p ea r th a t th is  assu m p tio n  is  not r e a l is t ic  in  view of 
the  fac t th a t th e re  h a s  been  a  defin ite  upw ard tre n d  in  v e r t ic a l  in te ­
g ra tio n  am ong m any  A m erican  f irm s  in  re c e n t y e a r s .  One could 
a rg u e  th a t th is  tre n d  is  an in d ica tio n  of the ex is ten ce  of s ig n ifican t 
e x te rn a l econom ies w hich have induced  the e n tre p re n e u rs  to  t r y  to 
c a p tu re — o r, so  to  speak , in te rn a liz e - - th e  e x te rn a l e ffe c ts . P u t 
o th e rw ise , i t  m ay  be asked  i f  v e r t ic a l  in te g ra tio n  is  not of advantage 
why a re  th e re  such s tro n g  ten d en c ie s  to w ard s  i t?  I t should  be r e a l ­
iz ed , how ever, th a t the  phenom enon of v e r t ic a l  in te g ra tio n  is  a v e ry  
com plex one and th a t m any  com peting  hypo theses m ay  be o ffered  in  
a ttem pting  to  exp lain  it .  F o r  exam ple , the d e s ire  on the p a r t  of the 
f irm s  to  d iv e rs ify  th e ir  " r e a l"  in v estm en t p o rtfo lio , and so c io lo g ica l
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fa c to rs  such as  p re s tig e  and re la te d  fa c to rs  m ay  be m o re  im p o rtan t
7
than  e x te rn a l econom ies as s tim u lan ts  tow ard  in teg ra tio n . T hus, i t  
is  v e ry  e a sy  to  ov erem p h asize  the ex ten t of e x te rn a li tie s  in  re fe re n ce  
to  the  in te g ra tio n  of in d u s tr ie s . The question  can only be re so lv ed  on 
the b a s is  of e m p ir ic a l  ev idence.
To be su re  one can th ink of s itu a tio n s  in  which e x te rn a li tie s  
a re  p re se n t m o re  o r  le s s  s ign ifican tly . T ake, fo r in s ta n c e , the 
c la s s ic a l  exam ple  of producing m oney and ap p les . If apple t r e e s  a re  
w ith in  the ac tiv ity  ran g e  of the b e e s , then the po llina ting  w ork of the 
b e e s  le ad s  to  a b e t te r  apple c rop  and the ex isten ce  of apple b lo sso m s 
as  a so u rce  of food le ad s  to  b e tte r  r e s u lts  in  the p roduction  of honey. 
H e re , then , the  in teg ra tio n  of the  two types of p roductive  a c tiv itie s  
h a s  an outcom e w hich is  m o re  than  the  a lg eb ra ic  sum  of the sep a ra te  
e ffec ts  of the two a c tiv itie s . T h is  n eg a te s  equation (6 .1 ).
In  g e n e ra l w henever w aste  p ro d u c ts  of one p ro c e ss  can se rv e  
a s  an inpu ts in  an o th er p ro c e s s , then  e x te rn a li tie s  a re  d e fin ite ly  p re ­
sen t. P e rh a p s  in  ch em ica l and re la te d  in d u s tr ie s  th e re  a re  m any in ­
s tan c e s  of such  e x te rn a li tie s . The point sh a ll not be p u rsu ed  fu r th e r  
h e re  as  i t  w ould n e c e ss ita te  a leng thy  d ig re ss io n .
7
R o b ert N. G ro sse , "The S tru c tu re  of C ap ita l, " in  L eon tie f 
S tudies in  . . . , p. 186.
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One fina l note m u st be m ade, how ever, in  re la tio n  to  the 
num b er of s e c to rs  in  an in p u t-o u tp u t m odel as  re la te d  to  the  phenom ­
enon of e x te rn a l eco n o m ies . It m ay  be th a t as the num b er of s e c to rs  
in c re a s e s  the ex ten t of e x te rn a li t ie s  in c re a s e s  a lso . T h is  can be ex ­
p lained  in  the following w ay. Suppose the econom y is  conceived  of as  
one production  s e c to r  only. Then th e re  a re  no e x te rn a li t ie s  s in ce  a ll 
e ffec ts  a re  in te rn a l to  the sy s te m  a s  a w hole. N ext suppose the econ­
om y is  conceived of a s  co n s is tin g  of two d iffe ren t s e c to r s ,  nam ely , 
in d u s try  and a g r ic u ltu re . Now the phenom enon of e x te rn a li ty  a p p e a rs , 
a t le a s t  in  p rin c ip le . F o r  exam ple ro a d s  and o th e r tra n sp o r ta tio n  
fa c il i t ie s  b u ilt fo r  the  sh ip m en t of in d u s tr ia l  inpu ts  o r  p ro d u c ts  m ay  
have fav o rab le  e ffec ts  on the a g r ic u ltu ra l  s e c to r  in  one w ay  o r  an o th er. 
The a rg u m en t can  obviously  be g e n e ra liz e d .
The fo rego ing  d is c u ss io n  h a s  been  lim ited  to  the  fundam ental 
a ssu m p tio n s  of in p u t-o u tp u t a n a ly s is  w ith  an eye on the  p ro b lem  of 
ag g reg a tio n . A m o re  ex h austive  s tu d y  of th e se  a ssu m p tio n s  m ay  be
g
found in  B a ld e rs to n 's  a r t ic le  w h ere  he c o n tra s ts  the  L eo n tie f m odel 
w ith  a num b er of o th e r g e n e ra l  eq u ilib riu m  sc h e m e s . T h ese  include 
W a lr a s 's ,  von N eu m an n 's , and the A ir  F o rc e  m odel.
g
J . B a ld e rs to n , "M odels of G en era l E q u ilib riu m , " 
E conom ic A ctiv ity  A n a ly sis , ed . O sc a r  M o rg e n s te rn , New York: 
John  W iley and Sons, I n c . ,  1954, pp. 30-33.
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The above d iscu ss io n  in d ica tes  th a t the objective of the 
assum ptions of the input-ou tpu t m odel is  to  divide the econom y in to  a 
s e t  of m utually  exhaustive  p a r ts  w ith a  spec ified  m ode of in te r ­
re la tio n sh ip s  among th ese  p a r ts .  Is  th e re  a unique w ay of doing th is?  
VrTiat a re  the consequences of changing a g iven p a tte rn  of subdivision 
of the econom y? T hese re la te  to  the  n a tu re  of the question  of ag g re ­
gation.
2. The N atu re  of the A ggregation  P ro b lem
In v estiga tion  of the p rob lem  of aggregation  in  g e n e ra l is  not 
g
of in te re s t  to  th is  study . O nly a  p a r t ic u la r  type of a g g re g a tio n --th a t 
w hich is  re la te d  to the  question  of in d u s tr ia l c la s s if ic a t io n - - is  studied 
h e re . N e v e rth e le ss , som e b r ie f  no tes on the p rob lem  in  i ts  m o re  
g e n e ra l se ttin g  help  to  draw  s h a rp e r  lin e s  in  identify ing  the p rob lem . 
A llen  p re se n ts  the is su e  m o st com pletely :
g
The m o st sy stem a tic  study of the  agg regation  p rob lem  
published to  date i s  H enry  T h e il, L in e a r  A ggregation  of Econom ic 
R elation 's, A m sterdam : N orth -H olland  P ub lish ing  C o . , 1954. An 
in troduction  to  the su b jec t i s  p rov ided  in  R. G. D. A llen, M athe­
m a tic a l E co n o m ics , New Y ork: M acm illan  and C o . , L td . ,  1963,
Chap. XX. T hese  w orks a re  in te re s te d  in  d e riv in g  the  g e n e ra l p r in ­
c ip les  of ag g regation  "fro m  m ic ro -re la tio n s  to  a p p ro p ria te  m a c ro ­
re la tio n s . " [See A llen, p. 694. ] T h is approach  to  the  aggregation  
p rob lem  is  m uch m o re  g e n e ra l than  th a t re la te d  to  the  inpu t-ou tpu t 
m odels . The fo rm e r  does not sp ec ify  w hat the  sp ec ific  n a tu re  of the 
"m ic ro "  and " m a c ro - re la t io n s"  r e f e r re d  to  i s .  The la t te r  does 
p re c ise ly  th is . To th a t ex ten t the aggregation  p ro b lem  assu m e  a  m o re  
co n cre te  fo rm u la tio n  w ith in  the fram ew o rk  of the inpu t-ou tpu t m odels , 
p rovid ing  d ire c tly  app licab le  c r i te r ia  of ag g regation  in  e m p ir ic a l 
w orks.
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Econom ie m odels m u st be re la te d  to  e m p iric a l data 
if  th ey  a re  to  be of u se  e i th e r  fo r ex p lana to ry  o r fo r p re ­
d ictive  p u rp o se s . In the p re se n t s ta te  of com putational 
p ro c e d u re s , th ey  m u st involve re la tiv e ly  few ag g reg a te s  
like  national incom e, consum ption and in v estm en t, o r  in ­
puts o r outputs of b ro ad  groups of m a te r ia ls  and p ro d u c ts . 
T h is is  c e r ta in ly  so fo r  m odels of the whole econom y, as  
in  H icks' t ra d e -c y c le  th e o ry  . . .  o r  L e o n tie f  s inpu t- 
output m odel. . . .  In m o s t c a s e s , a  m odel m u st be 
confined to  a  few m a c ro -re la tio n s  betw een a few m ic ro -  
v a r ia b le s .
M acro -eco n o m ic  m odels can be se t up in  th e ir  own 
rig h t . . .  on the assum ption  th a t, a t le a s t  ap p ro x i­
m ate ly , ag g reg a te  v a r ia b le s  a re  d ire c tly  and sim p ly  
re la te d . H ow ever, th is  can not be s a tis fa c to ry  to an 
eco n o m ist, co n sc ious th a t re la tio n s  betw een ag g reg a te s  
a re  the re su lta n t of m any d ec is io n s  by  co n su m ers  and 
f irm s . I t  is  n a tu ra l to  w ish  to  go behind the m a c ro ­
re la tio n s , to see  how ind iv idual d ecisions le ad  to  stab le  
re la tio n s  in  the  ag g reg a te—if  indeed they  do so  at a ll.
. . . The econom ic th e o ry  of any m odel ru n s  in  
m ic ro - te rm s , b ased  on d ec is io n s  taken , e . g . ,  by in d i­
v id u a ls , co n su m ers  o r  f irm s ; the m a c ro -re la tio n s  a re  
d e riv ed  c o n stru c tio n s . T h e re  m u s t be an ex p lic it t r a n s ­
la tio n , th rough  ag g reg atio n , from  m ic ro -re la tio n s  to  
a p p ro p ria te  m a c ro - re la t io n s . . . . The m ethod of a g g re ­
gation i s  v ita l, both in  i t s  econom ic a sp ec t and in  i ts  
s ta t is t ic a l  connotation in  re la tio n  to  availab le  da ta .
A h o s t of q uestions e m e rg e s . W hat kind of a g g re ­
gation is  needed? . . . Once ag g reg a te  v a r ia b le s  a re  
w ritte n , how a re  th ey  to  be re la te d ?  . . . W hat i s  the 
re la tio n  of the (s ta tis tic a l)  coeffic ien t of a  m a c ro ­
re la tio n  to  the  co rre sp o n d in g  (econom ic) coeffic ien ts  in  
the b a s ic  m ic ro - re la t io n s ?  The m a rk e t p r ic e -e la s t ic i ty  
of dem and fo r te a , fo r  exam ple , m ay  be thought of a s  an 
av erag e  of d iv e rse  ind iv idual p r ic e  e la s t ic i t ie s .  Is  th is  
ap p ro p ria te  and, i f  so , w hat kind of av erage  is  the a g g re ­
gate  coeffic ien t?  Such qudstions a re  c le a r ly  fundam ental 
in  econom ic m odel build ing. . . .
^^A llen, M ath em atica l . . . , pp. 694-695.
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Thus the p rev a ilin g  m ethodology in  econom ic th eo ry  
(a rtif ic ia lly ) d icho tom izes the  concep tualiz ing  p ro c e ss  of cognition of 
econom ic phenom ena in to  m ic ro -  and m a c ro -p e rce p tio n . Some of the 
consequences of th is  w ay of p e rce iv in g  econom ic p ro c e ss e s  w ere  in ­
v estig a ted  in  C h ap ter III. I t  m ay  be re p e a te d  h e re  th a t the  m ic ro ­
m a c ro  dichotom y is  an o th er m an ifesta tio n  of w hat w as te rm e d  the 
"fundam ental d ich o to m y "--se p a ra tio n  of e m p ir ic a l and th e o re tic a l 
econom ies in to  two d iffe ren t c o m p a r tm e n ts - - in  C h ap ter III. The ta sk  
of ag g regation  is  to  negate  the m ic ro -m a c ro  dichotom y. T his is  the 
type of ag g regation  th a t h a s  in te re s te d  som e th e o r is ts  as  w ell as 
e m p ir ic is ts  in  re c en t y e a r s .  H ow ever, i t  is  the aggregation  w ith in  a 
L eon tie f m odel th a t is  of in te r e s t  in  th is  ch ap te r .
W ithin the inpu t- output fram ew o rk  the agg regation  p rob lem
is  both co n cre te  and w e ll-d e fin ed . H ere  the a n a ly s is  seek s  to  d isco v e r
m ethods of agg regating  v a rio u s  s e c to rs  "on condition th a t the p a r t ic u la r
law s of econom ic th eo ry  a re  not changed as  a  re s u lt .  T his is  a
" lo g ica lly  c o r re c t  condition and i t  is  obvious s in ce  i t  is  d ifficu lt to
im ag ine  the law s of econom ic sc ien ce  being dependent on the m anner
12in  w hich the output of v a rio u s  s e c to rs  is  com bined. "
^^O scar Lange, In troduction  to  E c o n o m e tric s , New York;
The M acm illan  Com pany, 1963, p. 250. 
^^Ibid.
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Lange o b se rv es  th a t th is  p rin c ip a l of " in v a rian ce  of
econom ic law s"  w ith re s p e c t  to  the  aggregation  p ro ced u re  is  analogous
to  the question  of s e le c tin g  the sy stem  of co o rd in a tes  in  the study of
p h y sica l phenom ena. " F o r  we know, fo r  in s ta n ce , th a t the sy stem  of
co o rd in a tes  m ay  be changed on condition th a t the law s of physics  a re
not changed in  the new sy s te m  of co o rd in a tes . T h is is  the fundam ental
13id ea  of the th e o ry  of re la tiv ity . "
M ore sp ec if ic a lly  the  th e o re tic a l p ro b lem  can  be fo rm u la ted
in  the following te rm s :  G iven a  b a s ic  s ta t is t ic a l  se tup  d esc rib in g  som e
p a r t ic u la r  econom ic sy s tem  as  com posed of n se p a ra te  in d u s tr ia l
accoun ts; by  co nso lida tion  of two of th ese  n in d u s tr ie s  th is  setup  i s
tra n s fo rm e d  in to  an o th e r w hich c o n s is ts  of only n-1  in d u s tr ie s . W hat
is  the d iffe ren ce  betw een the  analogous p ric e  and quan tity  d e riv a tiv e s
14a s  com puted on the b a s is  of the  com plete  and the conso lidated  setup?
F o r  a com plete  p re se n ta tio n  of the p ro b lem  i t  i s  w orth  i t  to
quote L eo n tie f in  full:
. . . L e t u s  v isu a lize  a  v e ry  sim ple  (1) econom ic 
sy s te m s  co n sis tin g  of households and of one hundred  
c lo se ly  d e lin ea ted  and thus sh a rp ly  d istin g u ish ab le  in ­
d u s tr ie s .  L et u s  fu r th e rm o re  assu m e th a t the  in te rn a l 
s tru c tu re  of each  one of th e se  one hundred  ind iv idual 
in d u s tr ie s  can be a c c u ra te ly  d e sc rib e d  in  te rm s  of a 
s e t  of (at m o st) one hundred  constan t te ch n ica l input
^^Ibid.
14L eo n tie f, The S tru c tu re  . . . , p . 126.
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co effic ien ts  and fin a lly  th a t the n u m e ric a l m agnitudes 
of a ll  th e se  coeffic ien ts  a re  ac tu a lly  known and av a il­
able in  the  fo rm  of a 100 x 100 tab le  . . . .  L e t us 
p ro ceed  now to  d e te rm in e  th e  e ffec t of an in c re a se d  
fina l dem and fo r  the  p ro d u c ts  of, say , the autom obile 
in d u s try  upon the to ta l output of the  p a p e r in d u stry . 
Follow ing the p re v io u s ly  d e sc rib e d  p ro ced u re , we 
fo rm  a sy s te m  of one h undred  l in e a r  equations and 
so lve i t  f o r  the  to ta l output of the p a p e r in d u s try  in  
te rm s  of th e  fin a l dem and fo r  au to m o b iles . . . .
The n u m e ric a l re s u l ts  of th is  com putation  w ill de­
pend not only upon tlie te ch n ica l s tru c tu re  of the b.vo 
in d u s tr ie s  im m e d ia te ly  involved but a lso  upon the 
m agn itudes of the input co effic ien ts  of each  one of the 
o th e r n in e ty -e ig h t in d u s tr ie s .
U nder the g iven a ssu m p tio n s  the an sw er thus 
obtained w ill obviously  be e n tire ly  c o r re c t .  That is ,  
i f  a f te r  having fin ish ed  th e o re tic a l  com putations we 
had p e rfo rm e d  the d ifficu lt bu t s t i l l  p o ssib le  con­
tro l le d  ex p erim en t of in c re a s in g  the fina l dem and 
fo r au tom ob iles  and o b serv ed  w hat happens to  the 
p a p e r  output, the  la t te r  w ill have changed exactly  
by  the  am ount p re d ic te d  by  the p rev io u s  th e o re tic a l 
com putation .
If  the  com puting dev ices  w e re  not capab le  of solving the
16100 X 100 sy s tem  of equations, i t  w ould be n e c e s sa ry  to  reduce  the
nu m b er of ind iv idual in d u s tr ie s  by  a  p ro c e s s  of re c la s s if ic a tio n  and
^^ Ib id ., pp. 208-209.
^^In re la tio n  to  th is  point L eo n tie f w r ite s  th a t "even if  the  
co n stru c tio n  of an  exhaustive  tab le  d e sc rib in g  a ll the  tra n sa c tio n s  
betw een the independen t econom ic u n its  w ith in  the nationa l econom y 
w e re  p o ss ib le , the  v e ry  s ize  of such a tab le  w ould constitu te  a  s e r io u s  
im p ed im en t to  any  p ro fitab le  u se  of in fo rm atio n  contained in  i t .  Ob­
v io u sly , co n sid e rab le  s im p lific a tio n  of the  o rig in a l schem e i s  e s s e n tia l . 
The f i r s t  s tep  to w ard s  such  a s im p lific a tio n  i s  the grouping of accoun ts , 
. . . " Ib id .,  p. 14.
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conso lidation . Suppose the autom obile and p ap er in d u s tr ie s  a re  
kept unchanged as  con tro l in d u s tr ie s  and the rem ain ing  n ine ty -e igh t 
of the o rig in a l in d u s tr ie s  a re  com bined in  fo rty -e ig h t groups som e of 
which would now contain at le a s t  two o r  m o re  of the  o rig in a l in d u s tr ie s .
The new 50 x 50 sy stem  of equations can be solved to  show 
the effect of in c re a se d  fina l dem and fo r  au tom obiles upon the paper 
output.
T h is new re s u lt  can be com pared  w ith the tru e  an sw er ob­
ta in ed  on the b a s is  of u n d is to rted  data  (and a lso  checked by subsequent 
con tro lled  ex p erim en t). M ost p robab ly  the new an sw er w ill d iffe r by 
a  la r g e r  o r  s m a lle r  am ount fro m  the c o r re c t  one.
T h e re  a re  m any  a lte rn a tiv e  w ays of aggregating  
the  n in e ty -e ig h t o rig in a l in d u s tr ie s  u n d e r som e fo rty - 
e igh t b ro a d e r  head ings. E ach  re c la s s if ic a tio n  w ill 
lead  to  a  d ifferen t sy stem  of fifty  sim ultaneous 
equations and m o st lik e ly  a lso  to  a  d ifferen t solution.
By com paring  th ese  a lte rn a tiv e  sh o r t-c u t an sw ers  
w ith  the known c o r re c t  so lu tion  of ou r p ro b lem , on 
the  one hand, and w ith each  o th e r, on the o th e r, it  
is  p o ssib le  to  m e asu re  the com parative  'goodness, ' 
i . e . ,  o p era tio n a l effic iency , of a lte rn a tiv e  a g g re ­
gative c la ss if ic a tio n s  of the  n in e ty -e ig h t b a s ic  in ­
d u s tr ie s .  . . .
In the case  of the hypo thetical 100 x 100 m a trix  of coeffic ien ts 
one can  ta lk  about a  " tru e "  so lu tion  but such a  m a tr ix  fo r  the ac tua l 
econom ic sy s te m  is  not av ailab le , i f  i t  e x is ts  a t a ll. N ev erth e le ss  the
^ ^ Ib id ., pp. 209-210.
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above id ea lized  m odel does show th a t if  the c la ss if ic a tio n  schem e 
applied  to  the ac tu a l econom y c lo se ly  confo rm s w ith the th e o re tic a l 
c r i te r ia ,  then  one can ta lk  about a  " tru e "  so lu tion  even if  the ex istin g  
com puting fa c ilit ie s  a re  not capable of obtaining such a  solution.
The fac t th a t the s ize  of the m a tr ix  of coeffic ien ts  is  lim ited  
by  ex istin g  com puting fa c ilitie s  im p lie s  th a t in  the em p iric a l im p le ­
m en ta tion  of the inpu t-ou tpu t m odel som e deg ree  of aggregation  is  un­
avo idab le . As L eon tie f pu ts  it: " . . . The p ra c tic a l  choice is  not
betw een  ag g reg a tio n  and non -ag g reg a tio n  but r a th e r  betw een a  h ig h e r
18and lo w er deg ree  of ag g reg atio n . "
In  a p rev io u s  c h ap te r  an ag g regative  schem e w as p re sen te d  
w hich em bodied both the K eynesian  and L eon tief m odels as sp ec ia l 
c a s e s .  H ere  the question  of ag g reg a tio n  is  t re a te d  from  a d ifferen t 
angle. I t i s  the question  of in v a rian ce  of the so lu tion  to  the inpu t-ou tpu t 
m odel in  in d u s tr ie s  th a t i s  of in te r e s t  h e re .
Such conso lidation  m u st be ach ieved  on th e o re tic a l c o n s id e r­
a tions b ecau se  the id e a l m a tr ix  of co effic ien ts , and th e re fo re  the " tru e"  
so lu tion , i s  not av a ilab le . T h e re  i s  no e m p ir ic a l no rm  against w hich 
the  so lu tion  to  an ag g reg a ted  sy stem  can  be ap p ra ise d . T h e re fo re , one 
is  fo rced  to  depend on th e o re tic a l co n sid e ra tio n s  w hich would p rovide 
such c r i t e r ia  of ag g reg a tio n  th a t would m in im ize  the  d is to rtio n  of the
^^ Ib id ., p. 208.
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" tru e "  so lu tion . T his lead s  to  the study of som e fo rm a l a sp e c ts  of 
the q u estion  of aggregation .
3. A F o rm a l Study of A ggregation  in 
Input-O utput F ram ew o rk
The m a te r ia l  in  th is  sec tion  is  not o rig in a l. But the sec tion  
b rin g s  to g e th e r and give a un ifo rm  tre a tm e n t to  id eas  which a re  
s c a tte re d  in  b its  throughout the l i te ra tu re .  No p a r tic u la r  a tten tion  
is  given to  the d eg ree  of r ig o r  in  in troducing  the su b jec t, the p re s e n ­
ta tio n  of the  sub stan ce  of the m a tte r  being the  p r im a ry  ob jective. In 
th is  sen se  a lso  th is  ch ap te r to  som e ex ten t d ep a rts  from  the p a tte rn  
com m on in  the p rin ted  l i te ra tu re  on ag g reg atio n . I t  is  hoped tha t by 
doing so  the sub stan tiv e  im p o rtan ce  of the  p rob lem  is  underlined . 
Specific re fe re n c e s  to  so u rce  m a te r ia ls  a re  found in  the next few foot­
n o te s .
The c r i t e r ia  of agg regation  of s e c to rs  of an econom y can be 
s ta ted  in  p re c is e  m a th em atica l te rm s  w ith in  the  fram ew ork  of inpu t- 
output a n a ly s is . I t is  convenient to  study the p ro b lem  w ith r e s p e c t  to 
the ag g reg a tio n  of two g en eric  s e c to rs  a t f i r s t  and then  g en e ra liz e  the 
r e s u l t  fo r  the case  of aggregating  any m -m e m b e r su b se t of the 
o rig in a l n s e c to rs  (m < n ).
A. A ggregation  of Two S ec to rs
Suppose a  5 -s e c to r  inpu t-ou tpu t m a tr ix  i s  availab le  fo r  an
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econom y. L e t the  accounts be p re sen te d  on a net b a s is , th a t is , 
» 0 fo r a ll  i. T h is  is  d isp layed  in  T ab le  5.
TA BLE 5
ACCOUNTING SCHEME FOR DESCRIPTION O F 
INTERINDUSTRY TRANSACTIONS
Producing
S ec to r
ir’u rch asin g  S ec to r
1 2 3 4 5 T o ta l
1 • • • *12 *13 *14 *15
2 ^21 . . . *23 *24 *25 ^ 2
3 ^31 *32 • • • *34 *35
4 ^41 *42 ^43 • . . *45 ^ 4
5 ^ 1 *52 *53 ^54 • . • ^ 5
T o ta l ^ 1 ^ 2 ^ 3 ^ 4 ^ 5
5
i i i
Now suppose s e c to rs  3 and 4 a re  to  be com bined in to  one s e c to r  id e n ­
tif ied  a s  s e c to r  (3 + 4). T hen the  follow ing m a trix  is  obtained;
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TA BLE 6
CONSOLIDATED SCHEME OF IN T ER - 
INDUSTRIAL TRANSACTIONS
P roducing
S ec to r
P u rch as in g  S ec to r
1 2 3 + 4 5 T o ta l
1 . . . = 12 =23 =24 = 15
2 ^21 • =23 + =24 =25
3 + 4 =31 + :"41 =32 =42 =34 =43 =35 + =45
5 =51 =52 =53 =54 •
T o ta l ^ 1 ^ 2 = 3  + ^ 5
5
Note th a t in  T ab le  6 the  in tra - in d u s try  tra n s a c tio n s  fo r the  new ly- 
fo rm ed  s e c to r  (3 + 4) is  not z e ro . A c o m p ariso n  of T ab le  5 and 
T able  6 re v e a ls  th a t th is  fe a tu re  is  due to  th e  n a tu re  of co nso lida tion  
undertaken . In o rd e r  to  m a in ta in  the  se t of a ll  accounts in  the  tab le  
on a net b a s is  i t  is  n e c e s sa ry  to  su p p re ss  the  in tra - in d u s try  account 
of s e c to r  (3 + 4). T h is  w ill y ie ld  T ab le  7:
T he p rob lem  of ag g regation  in  inpu t-ou tpu t an a ly s is  b o ils  
down to  a c o n s id e ra tio n  of the m an n er in  w hich the in v e rse  m a tr ix
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TABLE 7
CONSOLIDATED SCHEME OF INTERINDUSTRIAL 
TRANSACTIONS REDUCED TO A NET BASIS
P roducing
S ector
P u rch asin g  S ector
1 2 3 + 4 5 T o ta l
1 • • • *12 %1S + *14 = 15 ^ 1
2 ^21 • • • ’‘2 3 ' * ' ' ‘ 2 4 =25
3 + 4 *31 + *41 *32**42 . • < =35 + =45 %3+%4
5 *51 *52 *53 + *54 • • .
T otal ^ 1 ^ 2 X 3 ^ ^ 4 ^ 5 J l ^ i -
<=34+=43'
-1
(I - A) changes. But the  la t te r  depends u ltim ate ly  on the coeffic ien ts  
of production  a _  (the e lem en ts  of m a tr ix  A). T h e re fo re , in re la tio n  to  
th is  d iscu ssio n , one m ay ask : In what ways, if  any, a re  the a_  co m ­
puted from  T able  7 re la te d  to  those  ca lcu la ted  fro m  T able  5?
X . .
R eca ll tha t a . . = . It is  seen  that those  a . ., com puted
13 X. U
fro m  T able 7, which do not involve the new ly-fo rm ed  se c to r  (3+4), 
a re  id en tica l w ith the  co rresp o n d in g  ones com puted from  T ab le  5.
F o r  exam ple a ‘12
12
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fro m  b o th ,tab le s . H ow ever, those a _  that
involve s e c to r  (3 + 4), which co n stitu te  the  ones obtained on the b a s is  




S im ila rly
^31 ^41 ^31 . ^41
(3+4)1 X. '31 ' “ 41
(6 .3) ^32 ^ ^42(3+4)2
^35 ^45
(3+4)5
2 ^  , f 4 5
X X “ 35 455 5
1(3+4)
=1 3 + =14
=3 + =4
^ 3=3 + * 14=4
=3 + =4
= a 13 ( • * : )  •  - . . f e )
(6. 4) 
w here




^ - 5 '  *2(3+4) = *23*3 + *24*4
*5(3+4) .  aggWg +
The re s u lts  m ay be e x p re s se d  m o re  conveniently : 
F ro m  (6. 3):
(6 .6 ) *(3+4)j = ^3j + ^4j
and fro m  (6 .4 ) and (6 .5 )
"  *1(3+4) '  *13*3 + *14*4 «  =
E quations (6. 6) ind ica te  th a t som e of the a _  in  the co n ­
so lid a ted  m a tr ix  a re  s im p ly  the  sum  of the a _  in  the com ponent 
s e c to rs  of the  n ew ly -fo rm ed  (aggregative) s e c to r .  E quations (6. 7) 
in d ica te  th a t som e of the  a _  in  the co n so lid a ted  m a tr ix  a re  a w eighted
sum  of the a . . of the  com ponent s e c to rs .  T h is  show s th a t the se t of 
1]
coeffic ien ts  in  the  co n so lid a ted  m a tr ix  cannot be obtained  by sim ply  
adding the p roduction  co effic ien ts  in  the  com ponent s e c to r s .  In  fact, 
som e of the a _  depend upon the lev e l of output in  the com ponent 
s e c to rs  as w ell as the p roduction  co effic ien ts  in  th e se  s e c to rs .  T h is  
can  be seen  fro m  (6. 7) if i t  is  re m e m b e re d  tha t
X.
(6. 8) w = (j = 3, 4)
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itSince in  g e n e ra l Xg and x^ a re  a ssu m ed  to  v a ry  independently, 
follow s th a t a . m ay v a ry  s ign ifican tly . T h is  co n trad ic ts  the 
1(3+4 ;
s tab ility  re q u ire m e n t a sso c ia te d  w ith the  production  coeffic ien ts .
T h e re  a re , how ever, two conditions under which the s tab ility  
of is  gu aran teed . E ith e r  condition  su ffices  fo r th is  re s u lt .
(1) If a. g = a .^ , th en  no change in  the w eights re su ltin g  fro m  
changes in  the p ro p o rtio n s  in  which x^ and x^ a re  dem anded w ill 
affect the  ag g reg a te  coeffic ien t. T h is  show s th a t s e c to rs  can be a g g re ­
gated  on the b a s is  of s im ila r  input co effic ien ts  (or co st s t r u c tu r e s ).
(2) If x _  and x^ alw ays change in  fixed  p ro po rtions, the 
w eighted av erag e  of the  input co effic ien ts  w ill be the sam e, r e g a rd le s s  
of d iffe ren ces  in  its  com ponents. T o  show th is , le t  x^ = \x ^ . T hen 
fro m  (6 .7 ) and (6 .8 ):
a. , = a. „ ------:------ + a.1(3+4) i3 Xg + x^ 14 Xg + x^
^ 4  >=4+ a.13 Xx. + X 14 Xx . + X4 4 4 4
(6 .9 ) = a .„  —T—— + a.13 1+X 14 1 + X
E quation  (6. 9) shows th a t when x^ and x^ a re  p ro p o rtio n a l then  the 
p roduction  coeffic ien ts  fo r the  ag g reg a tiv e  s e c to r  (3 + 4) is  s tab le  
r e g a rd le s s  of the re la tiv e  s iz e  of th e  com ponent co effic ien ts  a^^ and
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It can  be concluded tha t s e c to rs  can be ag g reg a ted  on the b a s is  
of output p ro p o rtio n a lity  (or co m p lem en ta rity ). T h ese  two ru le s  
e s ta b lish e d  fo r the  agg regation  o ver two s e c to rs  can  ea s ily  be extended 
to  be m ade ap p licab le  to agg regation  over m  s e c to r s  of an n -s e c to r  
inpu t-ou tpu t m a tr ix  (m  <n). T h is  w ill be d isc u sse d  next.
B . A ggregation  of S e v e ra l S ec to rs  
L e t th e re  be an econom y co n sis tin g  of n producing  s e c to rs  
indexed by 1, 2, . . . , n, and a  fin a l dem and desig n a ted  by 0.
(See T ab le  8 co lum n and row  0) Suppose (n - m ) s e c to rs  of th is  e co n ­
om y a re  to be ag g reg a ted  in to  one s e c to r . S ince the  num bering  of 
s e c to rs  is  a rb i t r a ry ,  it  is  convenient to  re n u m b e r the s e c to r s  such  
th a t those  to  be ag g reg a ted  a re  the  la s t  (n - m ) s e c to r s ,  th e  f i r s t  
m  - 1 s e c to rs  re m a in in g  unchanged. D esignate  th e  ag g reg a tiv e  s e c to r  
by M. T ab le  8 su m m a riz e s  the  setup:
T ab le  8 can  be thought of as  being th e  r e s u l t  of conso lida tion  
19of an n -s e c to r  m a tr ix . The re la tio n s  betw een  such  an n -s e c to r
19In fac t, th e  o rig in a l m a tr ix  would have (n+1) ro w s and 
co lum ns, one fo r  the  fina l dem and s e c to r  and n fo r  the  in te rm e d ia te  
dem and s e c to r s .  Depending upon w hether re fe re n c e  is  m ade to an 
open o r  a  c lo sed  L eon tief m odel, one would exclude o r  include the 
fin a l dem and s e c to r  (indexed by 0) am ong those  fo r w hich a  se t of 
p roduction  co effic ien ts  a re  defined. In a  g e n e ra l lev e l of tre a tm e n t 
such  a s  th is  one, no d is tin c tio n  is  n e c e s sa ry  betw een  the tw o fo rm u ­




S ector P u rch as in g  Sector
0 1 . . . m - 1 m to n T o ta l
0 ^00 ^01 • • • ""Xm-D ^OM
1 ^10 X i i  . , . Xg ( m- l ) ^IM
m - 1 ^(m -l)O * ( m- l ) l " : : ^ (m -D (m -l) ^ (m -l)M ^ m -1
m  to  n ^MO ^ M l ' * '^ M (m -D * MM
T o ta l ^ 0 X i  . • • ^ m -1
m a tr ix  and T able  8 can  be s ta te d  as follow s:
(6. 10) 
(6 . 11) 
(6 . 12) 
(6. 13)
'  i L  " ij 
= jL  '‘ij
n n
X s  2  ^  X
MM j*m  i*m  ij
j = 0, 1, 2, . . . , m -1  
i = 0, 1, 2, . . . , m -1
B efo re  going fu r th e r  it should be noted tha t T able  8 re c o rd s
the in te rin d u s try  tra n sa c tio n s  on a g ro ss  b a s is  (x_ 0). It w ill be
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shown in  sec tio n  4 of th is  ch ap te r th a t th e re  e x is ts  a sim p le  t r a n s ­
fo rm atio n  betw een production  coeffic ien ts  on net and production  c o ­
e ffic ien ts  on a g ro s s  b a s is . T h e re fo re , the p re sen t d iscu ss io n  
ig n o res  the d is tin c tio n  betw een net and g ro s s  in te r in d u s try  tra n sa c tio n s .
Now the  in fo rm ation  in  T ab le  8 and equations (6. 10) - (6. 13) 
can  be u sed  to define a  se t of p roduction  coeffic ien ts a_  fo r  the a g g re ­
gated  m a tr ix  in  T ab le  8 to  be re la te d  to the  production  coeffic ien ts 
obtainable fro m  the  o rig in a l, no n -ag g reg ated  m a trix . The following 
re la tio n s  a re  t ru e :
X . .
(6 .14) a .. = - i, j = 0, 1, 2, , . . , m -1
I J  X .
a .  ^
Mj  X.
n
. 2  X. .
i=m 1.1
X X,  , X .
= (m+0).l , . _ n L
X,  X.  • • • X.
] ] ]
o r
+ "(m +l)3 + ' ' ' + *nj "  '  ' ..................
E quation  (6. 14) s ta te s  th a t fo r s e c to rs  not ag g reg a ted  the 
production  co effic ien ts  re m a in  unchanged. E quation  (6. 15) shows 
th a t the input re q u ire m e n ts  of each  se c to r  fro m  the  ag g reg a ted  s e c to rs  
is  equal to  the a r ith m e tic  sum  of the  input re q u ire m e n ts  fro m  the 
indiv idual com ponent s e c to rs .
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F ro m  T able 8 and equations (6. 11) and (6. 13) the following 
can be derived .
o r
a ^iM













Z a. .X . 
l=m 1] 3
^  X k=m k
(6 .16) = Z a. .w . (i = 0 ,1 ,2 , . . . m -1 )
j=m i j  J
w here
a . . X.
(6. 17) a .  and w = - j r - l   (j = m . . . . , n)
E quation (6. 16) s ta te s  th a t the p roduction  co effic ien ts  in  a  
s e c to r  which is  an aggregate  of s e v e ra l  e lem en ta ry  s e c to rs  a re  a 
w eighted av erage  of the p roduction  co effic ien ts  of the  com ponent 
s e c to rs .  The w eights r e f le c t  the  re la tiv e  im p o rtan ce  of each  co m ­
ponent s e c to r  a s  m e asu re d  by the  le v e l of i ts  output. T he h igher the
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lev e l of output of an e lem en ta ry  s e c to r , the g re a te r  the  influence of 
tha t s e c to r  in  the d e te rm in a tio n  of the  production  co effic ien ts  of the 
agg regative  s e c to r .
O bserve  th a t the re s u lts  (6 .6 ) and (6 .7 ) a re  sp ec ia l c a se s  
of (6. 15) and (6. 16), re sp ec tiv e ly .
F ro m  (6. 16) and (6. 17) i t  is  seen  th a t the production  c o ­
e ffic ien ts  a^j^ fo r  the  agg regative  s e c to r  M depend not only upon the 
production  co effic ien ts  of the com ponent s e c to rs  but a lso  on the r e l a ­
tive  lev e ls  of output of th ese  s e c to rs . Since th e se  output lev e ls  in  
g e n e ra l v a ry  independently  of one ano ther then  the a^^^ ca lcu la ted  
fro m  one "p roduct m ix" w ill be d ifferen t fro m  th a t c a lcu la ted  fo r a 
d iffe ren t p roduct m ix . In  o th e r w ords, the  assu m p tio n  of s tab ility  of 
p roduction  co effic ien ts  w ith re s p e c t  to  the le v e ls  of output in  v a rio u s  
s e c to rs  is  v io la ted .
As in  the  c a se  of the tw o -se c to r  agg regation  th e re  a re  two 
conditions (each  su ffic ien t by itse lf)  under w hich the s tab ility  a ssu m p ­
tion  is  sa tis f ied :
(1) W hen a _  a re  equal in  the v a rio u s  e lem en ta ry  s e c to rs  
to  be ag g reg a ted  th en  th e ir  w eighted av erag e  is  the sam e , re g a rd le s s  
of the v a lu es  of the  w eigh ts.
(2) W hen the  outputs of the s e c to rs  to  be ag g reg a ted  v a ry  in 
fixed  p ro p o rtio n s  w ith r e s p e c t  to one ano ther, a_  has a  fixed value.
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re g a rd le s s  of the sp ec ific  va lu es  of output in each  com ponent s e c to r .  
To show th is  le t
(6 .18) X. = Xj (j = m , m+1, . . . , n)
S ubstitu tion  for X. and X, in (6 .17) y ie ld s: 
3
X
1 m ,w. = — ‘--------  (j = m, . . . , n)
3 n
, I  X X k=m m m
X.
(6. 19) =  ^  = ^. (i = rn, . . . , n)
S ubstitu te  fro m  (6. 19) in  (6 .1 6 ) to  get
(6 .20) a  = Z a . . j3. (i = 0, 1, 2, . . . ,  m -1 )
iM  j=m 13 3
w here  a re  co n stan ts  defined by (6. 19).
The constance  of in  (6. 20) depends on the  t ru th  of the
assu m p tio n  (6. 18) w hich s ta te s  th a t th e  "product m ix" am ong s e c to rs  
to  be ag g reg a ted  is  c h a ra c te r iz e d  by fixed  p ro p o rtio n s  betw een the 
output of any two s e c to rs .
T h is  concludes a fo rm a l study  of the p rob lem  of ag g reg a tio n  
of s e c to rs  in  input-output a n a ly s is . Two p rin c ip le s  of agg reg a tio n  
have em erg ed  fro m  the above th e o re tic a l  c o n s id e ra tio n s ; th e se  a re  
re p e a te d  h e re  fo r fu tu re  re fe re n c e :
JOO
(1) S e c to rs  th a t a re  s im ila r  w ith re sp e c t to  th e ir  p ro ­
duction coeffic ien ts  can  be ag g reg a ted  in to  one se c to r .
(2) S ec to rs  whose outputs v a ry  in  fixed p ro po rtions w ith 
re s p e c t  to  one ano ther can be ag g reg a ted  into one se c to r .
It is  in te re s tin g  to note th a t th e se  c r i te r ia  of aggregation  
w ere  e s ta b lish e d  by Sarnuelson w ith re fe re n c e  to  a m uch m o re  g e n e ra l 
se tu p  than  inpu t-ou tpu t an a ly s is  p r io r  to  the  popu larization  of the  
la t te r  :
B road ly  speaking, we re p la ce  a  num ber of v a r ia b le s  
by a  sing le  v a ria b le  under two d ia m e tric a lly  opposite co n ­
d itions. In the f ir s t ,  th e  v a r ia b le s  have each  the sam e 
effect (except possib ly  fo r  sca le  d ifferences which d is ­
ap p ear upon red efin itio n ) upon a ll  of the econom ic fu n c ­
tions under d iscu ss io n . In th is  c a se  they can  be sum m ed 
and t re a te d  as one. T hus, we m ight define as  the sam e 
com m odities  a ll  goods w hich have exactly  the  sam e in ­
fluence on consum ption  p re fe re n ce  fie ld s  and production  
functions, w hich a re  so  to  speak  in fin itely  su b s titu t­
ab le . . . .
At the o ther ex trem e  we com bine v a ria b le s  which b e a r  an 
in v a rian t, 'p e rfe c tly  jo in t' re la tio n sh ip  to each  o th e r. A 
notable exam ple is  p rov ided  by the c la s s ic a l  'd o se ' of 
lab o r and cap ita l app lied  to  land . . . .
P r io r  to  the  developm ent of input-output an a ly s is  such  th e o ­
r e t ic a l  p ro positions w ere  of in te re s t  only to  econom ic th e o r is ts  and 
w ere  thought of having l i t t le  p ra c tic a l  sign ificance in  re la tio n  to  p ro b ­
le m s  of da ta  co llec tio n  and in d u s tr ia l c la ss ific a tio n . Today th is
20Sam uelson, F oundations . . . , pp. 144-145.
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p rin c ip le  has o p era tio n a l s ign ificance  in  the econom ic s c ie n c e - - i t  
s e rv e s  as  a guide to e m p ir ic a l eco n o m ists  who, until re cen tly , re lie d  
on a rb i t r a ry  sch em es fo r c la ss if ic a tio n  of com m odities and econom ic 
ac tiv itie s . Indeed th is  s ta te  of a ffa irs  had to  aw ait the  developm ent 
of a conceptual fram ew o rk  o rien ted  to w ard  a s ta t is t ic a l  analogue with 
its  unavoidably sy stem a tic  and co n sis ten t c la s s if ic a to ry  sch em es.
That is  why n e ith e r the  pu re ly  conceptual W alras ian  g en e ra l e q u ilib ­
riu m  nor the pu re ly  d e sc rip tiv e  w orks of the e a r ly  e m p ir ic is ts  could 
be anything but a "co m p artm en t"  of the  econom ic sc ie n c e --u n ab le  to  
ab so rb  m uch of the developm ents th a t went on in  the sc ience  as  a 
whole. L eontief has succeeded  in  build ing a b ridge  betw een th e o re t i ­
c a l  and e m p ir ic a l econom ics, m aking each  depend on the o th er and the
21econom ic sc ien ce  as the p e rp e tu a l in te ra c tio n  betw een the  two.
4. A ggregation  and the  P ro b lem  of 
In tra -In d u s try  T ra n s fe rs
It w as seen  in  sec tio n  1 of th is  ch ap te r tha t in  o rd e r  to keep
an input-output m a tr ix  on a net b a s is  the  in tra - in d u s try  tr a n s fe r s  m ust
20Along w ith o ther w orks by L eontief re fe re n c e  should  be 
m ade to  his a r t ic le  " in tro d u c tio n  to  the  T h eo ry  of the  In te rn a l S tru c ­
tu re  of F unctiona l R ela tio n sh ip s , " E co n o m etric  a, O ctober, 1947.
H ere  he stud ied  the m ethod  of functional s e p a ra b ility  when confron ted  
w ith a la rg e  num ber of econom ic v a r ia b le s . The m a th em atica l p ro b ­
lem  involved is  th a t of grouping a  s e t  of functionally  in te rdependen t 
v a r ia b le s  in  such a  way th a t functions w ithin an o v e ra ll function be 
fo rm ed . The dividing of an o v e ra ll function  into a  se t of com ponent 
functions is  the m a th em atica l equivalent to  the d iv ision  of the  econom y 
in to  a  num ber of s e c to rs .
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be sy s te m a tic a lly  "netted  out. " It w as pointed out th a t the  co m p lex ities  
a r is in g  out of the d is tin c tio n  betw een net and g ro s s  m e asu re m e n t could 
be igno red  b ecause  of the  ex isten ce  of a  sim p le  tra n s fo rm a tio n  betw een 
Lhe production coeffic ien ts  re la te d  to  the  two. T h is  tra n s fo rm a tio n  is  
now developed.
-1
C o n sid er (I - A) and (I - A) fro m  equations (5. 35) and 
(5. 36) of C hap ter V. Suppose th e se  a re  com puted on a  ne t b a s is . 
What m odifica tions a re  n e c e ssa ry  in  o rd e r  to  m ake th e se  two m a tr ic e s  
app licab le  to  the  case  of g ro s s  m e asu re m e n t?
L et X j designate  the output of s e c to r  j on a ne t and on 
a g ro s s  b a s is . Then
(6 .21) X . = Z . - X. .  (3  = 1. 2, . . . ,n )
J 3 33
w here  x is  the  volum e of in tra - in d u s try  t r a n s fe r s  fo r s e c to r  j. 
F ro m  (6. 21) and the defin ition  of p roduction  co effic ien ts  i t  follows 
th a t
X.  .
(6. 22) a .. = (i é j)
I J  X .
X.  .
(6. 23) b . . = (i 4 j)
w here  a  and b . a re  the  production  co effic ien ts  on a  net and a
ij  Î3
g ro s s  b a s is , re sp e c tiv e ly . O bserve  th a t
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(6.24) = a. (1 - b .) (i 5^  j)
1] 33
E quation  (6 .24) e s ta b lish e s  a re la tio n sh ip  betw een the p ro ­
duction coeffic ien ts  on a net and on a  g ro s s  b a s is . G iven the "net"  c o ­
effic ien ts  a one can obtain  the e n tire  s e t  of " g ro s s"  co effic ien ts  b . .
13 13
by m ultip ly ing  each  a^  ^ by the  fa c to r  (1 - b _ ).
T he m o re  s ig n ifican t p rob lem , how ever, is  the  m anner in  
-1
w hich (I - A) is  to  be m od ified . T h is  is  so b ecause  the com putation 
of a  la rg e  s ize  m a tr ix  is  a  com plica ted  and co stly  ta sk . It would be 
e x tren e ly  convenient i f  the in v e rse  m a tr ix  b ased  on g ro s s  da ta  could be 
d e riv ed  fro m  th a t b ased  on  net data  by a  sim ple  ru le  than  having to  go 
th rough  the e n tire  com puta tional schem e s e p a ra te ly . T h is  can  be done.
L e t A define a m a tr ix  w ith e lem en ts  a . . and le t  a . . = 0 fo r
13 13
i = j. F u r th e r , le t  [b_] define a  d iagonal m a tr ix  w ith b _  as i ts  
diagonal e lem en ts . T hen  equation  (6 .24) can be e x p re sse d  a s  follow s:
(6. 25) [ b . .] - [b ..] = A(I - [b ..])
w hich upon tra n sp o s itio n  b ecom es
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(6. 26) [b . .1 = [ b ..] + A(I - [ b . .])
T h is  im p lie s  th a t
I - [ b . . ] = I - [ b . . ] - A ( I - [ b . . ] )
= Kl - [b_ ]) - A d  - [b ..])
(6 .27) = (I - A) (I - [bj.])
It follow s fro m  (6. 27) tha t
( I - [ b . . ] ) '^ =  (I - [ b . . ] ) " ^  (I - A )‘ ^
(6 .28) = ---------] ( I - A ) ’ ^
jj
s in ce  the in v e rs e  of a  d iagonal m a tr ix  is  an o ther d iagonal m a tr ix  w ith 
i ts  diagonal e lem en ts  being the  in v e rse  of those  in  the  o rig in a l m a tr ix . 
L e t [A _] = (I - A)  ^ and = (I - [b _ ]) T hen  equation  (6 .28)
can  be w ritte n
A ..
(6.29) [B 1 = 1  ^ 1
'  jj
E quation  (6 .29 ) show s th a t given A _, the e lem en ts  of the in v e rse  
m a tr ix  com puted  on a  net b a s is , th en  the e lem en ts  of the  in v e rse
m a tr ix  on a g ro ss  b a s is ,  can  be obtained.
T ra n s fo rm a tio n  (6 .29), in  add ition  to  i ts  im m en se  p ra c tic a l  
value in  com puta tional w orks, i s  of th e o re tic a l  in te re s t  b ecau se  it
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show s th a t w hatever p ro p ositions a re  e s ta b lish e d  w ith re g a rd  to  the 
m odels  th a t assu m e in tra in d u s try  tra n s fe r s  to be z e ro  can eas ily  be 
m odified  to be applied  to  the c ase  of nonzero  in tra in d u s try  tr a n s fe r s .
5. Some T h e o re tic o -E m p ir ic a l A spects of A ggregation 
The u n iv e rsa lity  of the agg regation  p rob lem  in  econom ics is  
w ell e x p re sse d  by C henery  and C la rk ;
A ll econom ic th eo ry  is  b a sed  on the assum ption  
of un ifo rm ity  in  the c h a ra c te r is t ic s  and behav io r of 
c e r ta in  b a s is  un its , w hether they  be single households, 
f irm s , in d u s tr ie s , co n su m ers  as a  whole, o r  national 
econom ies. Such un ifo rm ity  is  so m etim es  p red ic ted  
on the  assum ption  of s im ila r  behavior by each  of the 
un its  in  the group, as in  M a rsh a ll 's  re p re se n ta tiv e  
f irm ; in o th e r c a se s  a p red ic tab le  aggregate  re a c tio n  
is  expected  fro m  w idely d iffe ren t ind iv idual re sp o n se s , 
as  in  the K eynesian  consum ption function. . . .
B a ld e rs to n  and W hitin ob serv e  th a t "in  econom ics, the m ost
b a s ic  unit in  m ic ro , ad w ell as m a c ro , th eo ry  a re  a g g reg a te s . . . .
F ro m  the standpoin t of aggregation , the d ifference  betw een m ic ro  and
23
m a c ro  econom ics i s  one of deg ree  ra th e r  than  of kind. "
F u r th e r  on, the  sam e au th o rs  note th a t "the g e n e ra l p rob lem  
of ag g reg a tio n  fro m  m icroeconom ic  to  m acroeconom ic  m odels has been
22C henery  and C la rk , pp. 34-35.
2 3J .  B a ld e rs to n  and W hitin, "A ggregation in  the Input-O utput 
M odel, " M org en ste rn , p. 80.
374
d iscu ssed  in  l i te ra tu re , although not to  an ex ten t co m m en su ra te  w ith 
i ts  im portance .
One is  lead  to  su sp ec t th a t the re c e n t in te re s t  in  the a g g re ­
gation p roblem  is  due to  the sh ift of em p h asis  fro m  pure ly  th e o re tic a l 
co n stru c tio n s  to  such  m odels th a t can  be given a co rresp o n d in g  e m ­
p ir ic a l analogue. In th is  re g a rd  C henery  and C la rk  re m a rk  tha t "in  
its  f i r s t  th e o re tic a l fo rm ulation , the L eon tief s e c to r  w as, like the 
M arsh a llian  or W alras ian  in d u stry , a ssu m ed  to be com posed of p lan ts 
producing a single hom ogeneous product by s im ila r  techn iques. In 
tra n sfo rm in g  th is  fo rm a l m odel in to  an e m p ir ic a l tool, the p rob lem  of
aggregating  a ll a c tiv itie s  in to  s e c to rs  has a ssu m ed  g re a t im p o r- 
25tan ce . " (E m phasis added, M. M. )
E m p ir ic a l w orks in  highly ag g reg a ted  m e a su re s  and the 
m ethods applied  in  such  w orks has com e under a ttack  by a  num ber of 
e co n o m ists .
24Ib id . , p. 81; the  au th o rs  provide the following re fe re n c e s :  
D resch , R. W ., "index N um bers and the  G en era l E conom ic E q u ilib ­
rium , "^n lleb m _ o f_ A m erican J^ a^  XLIV, F e b .,  1938,
134-141. K lein, R. L . , "M acroeconom ics and the T heo ry  of R ational 
B ehav ior, " E co n o m etrica , XIV, A ug ., 1957, 93-108. K lein, R. L . , 
"R em ark s  on the  T heory  of A ggregation , " E co n o m e trica , XIV, 
O ctober, 1946, 303-313. May, K . , "T echno log ica l Change and A g g re ­
gation, " E c o n o m e tr ic ^  Jan . 1947, pp. 41-63.
25C henery  and C la rk , p. 35.
375
D uring re c e n t y e a r s ,  highly agg regative  econom ic 
m odels have been co n stru c ted  and e ffo rts  have been  m ade 
to  o bserve  the in te ra c tio n s  am ong a few trem en d o u s a g g re ­
ga tes  (such as G ro ss  N ational P roduct, N ational Incom e, 
e tc . ). A ttem pts to  d isco v e r s ign ifican t c o rre la tio n s  b e ­
tw een the m ovem ents of th e se  ag g reg a tes  have been made, 
the use of m ultip le  c o rre la tio n  an a ly sis  its e lf  tending to 
lim it the num ber of v a r ia b le s . T hus a lm o st a ll d e ta il is  
lo s t in  th e se  m odels and it  is  no m ean  fea t to  a ttach  any 
econom ic m eaning  to  the heterogeneous ag g regations th a t 
th ese  m odels b rin g  fo r th . (E m phasis added, M .M .)
C om m ending econom ic th e o r is ts  fo r th e ir  developm ent of a
" rem ark ab ly  w e ll-o rg a n iz ed  fram ew o rk "  fo r the an a ly tica l m anipu lation
of sy s te m s  involving a  v e ry  la rg e  num ber of d is tin c t but in te r re la te d
e lem en ts , L eontief adds th a t "one of the  p a rad o x ica l a sp ec ts  of i ts
[ i . e . ,  econom ic th e o ry 's ]  p re se n t s itu a tio n  is  tha t, in s tead  of guiding
e m p iric a l r e s e a rc h  in  the  d ire c tio n  of d iffe ren tia ted  s e ts  of p r im a ry
data, the theo ry  i ts e lf  see m s to  be re v e rtin g  to g ro ss ly  aggregative  
27fo rm ula tion . "
Input-output an a ly s is  is  a fram ew o rk  th a t re m e d ie s  the  
p ro b lem s r e fe r r e d  to  above. It is  designed  to provide th e o re tic a l 
"em pty boxes" fo r a s ig n ifican t am ount of p r im a ry  data. T hat is  due 
to  the fac t th a t it is  fo rm u la ted  in  te rm s  of a la rg e  num ber of s e c to rs  
in  the econom y. It is  tru e  th a t the  e lem en ta ry  s e c to rs  th e m se lv e s
^^B ald ersto n  and W hitin, p. 80.
27Leontief, S tudies in  . . . , p. 6.
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a re  ag g reg a te s , but th e re  is  room  fo r co n sid e rab le  flex ib ility  for 
fu r th e r  ag g reg a tio n  w ithin the sy s te m . Thus the  p rob lem  of a g g re ­
gation becom es v e ry  s ign ifican t in  input-output a n a ly s is . T h is  s tan d s  
in sh a rp  c o n tra s t to  the eco n o m etric  m odels of the econom y w hich a re  
fo rm u la ted  in  te rm s  of h ig h -lev e l ag g reg a te s  fro m  the ou tset, thus 
eoind awav with the p rob lem  of changing d eg rees  of aggregation  w ith in  
the m odel a lto g e th e r.
W ithin the fram ew o rk  of inpu t-ou tpu t a n a ly s is  the  agg regation  
p rob lem  has a  th e o re tic o -e m p ir ic a l  c h a ra c te r  because  it can be fo rm u ­
la te d  fo rm ally  on th e o re tic a l  g rounds but the th e o re tic a l p rin c ip le s  
d e riv ed  fro m  the fo rm a l an a ly s is  m u st be checked  continually  ag a in st 
the e m p ir ic a l d ifficu lties  th a t a r is e  in  the im p lem en ta tio n  of the m odel.
C o n sid er, fo r exam ple, the m o st b a s ic  notion in  input-ou tpu t an a ly s is ;
2 8nam ely, " s e c to r . " Some have a lre ad y  been d iscu ssed . A lso a  
fo rm a l study of the  p rob lem  of agg regation  of s e c to rs  in to  la rg e r  
s e c to rs  w as p re se n te d  in  sec tio n  3 of th is  c h ap te r . Two c r i t e r ia  of 
ag g regations w ere  p roposed  th e re ;  aggregation  on the b a s is  of c o m ­
p lem en ta rity  of outputs among the  s e c to rs  to be aggregated , and 
agg regation  on the  b a s is  of s im ila r i ty  of input s t ru c tu re s .
In the  ac tu a l im p lem en ta tion  of the th e o re tic a l  m odel m any 
m odifica tions becom e n e c e ssa ry . S tr ic t adherence  to  the th e o re tic a l
2 8See sec tio n s  1 and 2,C h ap te r VI.
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c r i t e r ia  is  im p o ssib le . T h ese  c r i t e r i a  should be re g a rd e d  as guides 
to  e m p iric a l w ork, not as p re c ise  ru le s  to  be follow ed. D ep artu re  
fro m  th e o re tic a l c r i t e r ia  i s  fo rce d  upon the  in v estig a to r by the  r i c h ­
n e ss , v a rie ty , and ex is ten ce  of "b o rd e rlin e  c a s e s"  in  e m p ir ic a l 
re a lity .
In c la ss ify in g  in d u s tr ie s  fo r input-output an a ly s is  one is 
tem pted  to  undertake a  v e ry  fine c la ss if ic a tio n  w ith the  objective of 
adhering  c lo se ly  to  the  c r i te r io n  th a t the  output of each  s e c to r  m ust be 
hom ogeneous. In g e n e ra l, the la r g e r  the num ber of s e c to rs , the 
low er the d eg ree  of h e te ro g en e ity  of the  p roducts  of the  sam e group. 
But th is  low er d eg ree  of h e te ro g en e ity  a lso  has the unfortunate  c o n se ­
quence of m ultip ly ing  the  p o ss ib il itie s  of te ch n ica l su b stitu tio n  betw een 
products  o rig in a tin g  in  d iffe ren t s e c to rs .  F u r th e r , as  shown at the
end of sec tio n  1 in  th is  ch ap te r  a s  the num ber of s e c to rs  grow s the
29
assum ption  of add itiv ity  grow s le s s  and le s s  ten ab le . Ignoring th is
la s t  d ifficulty , M alinvaud no tes th a t:
. . . T he d e lim ita tio n  of s e c to rs  m u st p re sen t 
som e kind of co m p ro m ise  betw een two re q u ire m e n ts : 
m aking the p ro d u c ts  of the  sam e group as su b stitu tab le  
as  p o ssib le , and, at the  sam e tim e , avoiding th a t p ro d ­
ucts  of d iffe ren t s e c to r s  be a lte rn a tiv e ly  u sed  in  c e r ta in  
in d u s tr ia l p ro c e s s e s .
29See sec tio n  1, C h ap te r VI fo r  the s ta tem en t of the  add itiv ity
assum ption .
30M alinvaud, p. 194.
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M alinvaud c it ie s  fue l as an illu s tra tio n  of the d ifficu lties 
involved . The sp ec ific  d iffe ren ces  betw een coal, petro leum , m anu­
fa c tu re d  gas, and e le c tr ic ity  would im ply tha t they be sep a ra ted  in 
d iffe ren t s e c to r s .  But, on the co n tra ry , the p o ssib ilitie s  of tech n ica l 
su b s titu tio n  betw een them  re q u ire  th a t they be co n sid e red  as products 
of the  sam e in d u s try . In such  c a se s  g en era lly  the p re sen t and fu ture  
u se s  of the m odel can  se rv e  a s  a guide to c la ss ific a tio n . T h e re  a re  
m any in s ta n ce s  in  w hich the u ltim a te  choice with re g a rd  to  a ll a sp ec ts  
of a  c la s s if ic a to ry  schem e depends on the purpose at hand, even though 
m any a sp e c ts  of the  p rob lem  a re  d e te rm in ed  by the th e o re tic a l gu ide­
lin e s  d isc u sse d  e a r l i e r .
B a ld e rs to n  and W hitin  e x p re s s  s im ila r  v iew s. N ev e rth e le ss  
it  i s  w orthw hile to  quote th em  in  fu ll:
C o effic ien ts  of p roduction  m ay appear to  be non­
co n stan t as a  r e s u l t  of aggregation , even if the e lem en ts 
of the m o re  d e ta iled  c la s s if ic a tio n  w ere  a ll  in d u s tr ie s  
w hose input co effic ien ts  w ere  in  fac t constan t; if  the a g g re ­
gation  is  too c o a rse , coeffic ien ts  w ill r e p re s e n t  av erag es  
of m ean in g less  g roup ings. How ever, if  the aggregation  is  
too  fine, su b stitu tio n s  in  p ro d u c tio n -p ro ce sse s  m ay d estroy  
the  constancy  of the  tech n o lo g ica l co effic ien ts . We cannot 
hope to  avoid  both th e se  so u rc e s  of e r r o r ,  but should t r y  to 
s tr ik e  a  balance  betw een them .
The au th o rs  add th a t th e  p rob lem  of destroy ing  the constancy  of c o ­
e ffic ien ts  due to  "too fin e"  a  c la s s if ic a tio n  can safe ly  be ignored  since
31B a ld e rs to n  and W hitin, p. 103.
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32"solvable  sy s te m s  a re  m o re  like ly  to be too highly ag g reg ated . "
The p ra c tic a l choice is  thus a  co m p ro m ise  betw een the th e o re tic a l  
req u ire m e n ts  and the e m p ir ic a l expediencies! To what extent th is  
com prom ise  can be y ie lded  to  be fo re  the u sefu ln ess  of the m odel is 
.seriously im p a ired  is  i ts e lf  an e m p ir ic a l question  and cannot be 
re so lv ed  on pure ly  th e o re tic a l grounds. In a la te r  ch ap te r a se lec tiv e  
su rvey  of the w orks in  th is  a re a  w ill be p re sen ted . At th is  point som e 
g en e ra l p ropositions w ith re g a rd  to  possib le  e r r o r s  due to  aggregation  
can  be m ade:
It is  c le a r  th a t each  in d u s try  in the s h o r t- ru n  has a m axim um  
possib le  lev e l of output. The n e c e s sa ry  output of each  in d u s try  is  
given by the so lu tion  of .he inpu t-ou tpu t sy s te m . L e t x ^  and x  ^
designate the cap ac ity  output and n e c e s sa ry  output fo r  th e  i- th  
in d u stry , re sp e c tiv e ly . A so lu tion  to  the input - output sy s te m  is  ca lled  
feasib le  if
(6. 30) x^ < x^ (i = 1, 2, . . . , n)
It is  possib le  tha t a so lu tion  x^, (i = 1, 2, . . . , n), is  feas ib le  
accord ing  to (6 .30) but not fe a s ib le  in  r e a l i ty ! O r i t  m ay be th a t a 
solution x^, (i = 1, 2, . . . , n), is  not fe a sib le  acco rd in g  to  (6. 30) 
but actually  fea sib le . T h is  can  happen because  the  so lu tions depend
^^Ibid.
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to som e extent on the assum ptions m ade concern ing  su b stitu tab ility .
33B ald ers to n  and W hitin p re sen t the prob lem  concise ly .
A ssum e th a t th e re  ex is ts  p e rfec t su b stitu tab ility  among co m ­
ponents of each  aggregate  and a lso  assu m e com plete lack  of su b s ti tu t­
ab ility  among ag g reg a tes . in  so fa r  a s  the fo rm e r  assum ption  ex ag ­
g e ra te s  the degree  of sub stitu tab ility , so lu tions m ight be liiought 
feasib le  which w ere  not in fac t a tta in ab le . The la tte r  assum ption , in  
u n d e restim atin g  the degree of su b stitu tab ility , m ay ind icate  tha t som e 
so lu tions a re  not fe a s ib le  which in  fac t a re  a tta in ab le . As the am ount 
of aggregation  in c re a se s , the fo rm e r  assum ption  is  like ly  to play a 
m ore  im p o rtan t p a rt than the la t te r .  T hus, highly aggregative  sy s te m s  
a re  like ly  to o v e re s tim a te  the a tta inab le  lev e ls  of p roduction  and c o n ­
sum ption. On the o ther hand, sy s te m s  involving m uch le s s  a g g re ­
gation a re  like ly  to u n d e re stim ate  the p o ten tiab ilitie s  of the econom y.
The sam e au tho rs  provide an exam ple w hich i l lu s tra te s  the 
point; An in c re a se d  lev e l of ac tiv ity  in  the iro n  and s te e l  in d u stry  
m ight n e ce ss ita te  a  g rea tly  in c re a se d  production  of coal. If coal is  
c la s s if ie d  along with a num ber of o th e r su b stan ces  as in  an aggregate  
ca lled  fuel, then the p roblem  of in c re a s in g  co a l production  to the 
n e c e s sa ry  lev e l m ight be obscu red . "As a  r e s u lt  the aggregative  
an a ly sis  m ight lead  us to a ttem pt a tta inm en t of im p o ssib le  ends. In
Ib id . , p. 94.
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fac t it m ay defeat one of the  ch ief app lica tions [of input-output an a ly s is ],
34the d isco v ery  of po ten tia l b o ttlen eck s . "
It is  g en e ra lly  d e s ira b le  to d isco v er w here and when s h o r t­
ages a re  likely  to o ccu r when a  given econom ic p ro g ram  is  the  goal.
If the output of each in d u s try  w ere  re p re se n te d  by a d iffe ren t v a ria b le  
the so lu tion  to the sy s te m  could be com pared  with the capac ity  of each 
in d u s try  and the  ex isten ce  of sh o rta g es  could be de tec ted . When 
s e v e ra l  in d u s tr ie s  a re  ag g reg a ted  into one, how ever, such  in fo rm atio n  
in  g e n e ra l is  lo s t u n le ss  the com bined  in d u s tr ie s  a re  s tr ic t ly  co m p le ­
m en ta ry , in  which c a se  the to ta l output fo r the  com bined s e c to r  can be 
tra n s la te d  into the output of each  com ponent s e c to r  by m eans of the 
p ro p o rtio n a lity  of ou tpu ts. As an exam ple, suppose th a t la rg e  quan­
t i t ie s  of a  c e r ta in  type of f r a c t io n a l- ho rsepow er e le c tr ic  m o to r w ere  
e s se n tia l to  a irp lan e  p roduction . T h ese  m o to rs  m ight be g rouped  w ith 
a num ber of e le c tr ic  p a r ts  and fo rm  a v e ry  sm a ll po rtion  of the  a g g re ­
gate. If in c re a se d  a irp la n e  p roduction  w ere  a ttem pted , the am ount of 
m o to rs  needed m ight exceed  the am ount th a t could be produced, but the 
ag g regate  fig u re  would not point out the sh o rtag e . In such c a se s  a g g re ­
gation  is  not p e rm is s ib le  u n le ss  the com ponents of the  ag g regate
34Ib id . , p. 92; fo r the  app lica tion  of inpu t-ou tpu t an a ly sis  
to  be p rob lem  of "b o ttlen eck s"  see  sec tio n  3 of C h ap te r V ll.
r e p re s e n t  e ith e r  an app rox im ate ly  co n stan t p ro p o rtio n  of the a g g re ­
gate o r th a t the p ro p o rtio n s  v a ry  in som e p red ic tab le  fash ion .
Iden tifica tion  of " c ru c ia l"  in d u s tr ie s  in  the econom y in  o rd e r  
to avoid th e ir  being ag g reg a ted  into la rg e r  s e c to rs  depends, to  a la rg e  
ex tent, upon the fa m ilia r ity  of the in v e s tig a to r w ith th e  tech n ica l and 
n a tu ra l conditions of p roduction . But the o v e rrid in g  fac to r in  th is  
re g a rd  is  the purpose  of the  a n a ly s is . One can  speak  of an item  being 
" c ru c ia l"  only in  re la tio n  to  a sp ec ified  goal and w ithin  a given fram e  
of re fe re n c e . An in d u s try  w hich is  " c ru c ia l"  fo r  one p ro g ram  of fina l 
dem and m ay  not be so fo r  a  d iffe ren t p ro g ram .
A s B a ld e rs to n  and W hitin have noted, "fo r som e specific  
p u rp o ses  it is  a  t r iv ia l  m a tte r  to  s e le c t  a  good unit of aggregation .
As the purpose b ecom es m o re  g en e ra l, one m ay  expect the choice of
35b asic  un its  to  be m o re  d ifficu lt. " P ro fe s s o r  L eon tief w rite s  th a t 
"the questio n  of ag g reg a tio n  r e p re s e n ts  e s se n tia lly  a  sp ec ia l a sp ec t of 
the  m o re  g e n e ra l p ro b lem  of the  c la s s if ic a tio n  of in d u s tr ie s  and of
re le v a n t d is tin c tio n  betw een d iffe ren t s e c to rs  of the  national econom y
, „36 in  g en era l.
C la ss if ic a tio n  of in d u s tr ie s  n e c e s sa r ily  involves pu rpose . 
T h is  is  in  opposition  to  the  pu re ly  d e sc r ip tiv e  view point acco rd ing  to
Ib id ., p. 81.
^^L eontief, The S tru c tu re  . . . , p. 208.
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which c la s s if ic a tio n  m ay be conceived  independently  of the possib le  
u ses  of the data , " it  is  now accep ted  th a t 'm e a su re m e n t' without 
th eo ry  im p lie s  som e m ore  o r le s s  unavowed id ea  about the fu tu re  u s e ­
fu lness of the  f ig u re s . In o rd e r  to  m ake th ese  id eas  as exp lic it as
possib le , it is  b e tte r  to  c o n sid e r d ire c tly  the m odel in  w hich the data
37w ill even tually  be in s e r te d . "
The inpu t-ou tpu t m odel goes fa r  in  the d irec tio n  of providing
a g e n e ra l fram ew o rk  fo r  in d u s tr ia l  c la ss if ic a tio n . But the ex isting
p ra c tic e s  continue to  follow  the tra d itio n a l l in e s . B a ld e rs to n  and
W hitin note th a t "m any in d u s tr ia l c la s s if ic a tio n s  had th e ir  o rig in s in
m ed ieval tim e s , although the  n a tu re  of the  ac tiv itie s  m ay have changed
co n sid e rab ly . It m ay prove d e s ira b le  to  g a th er da ta  fo r  the  econom y
on a b a s is  th a t does not c o rre sp o n d  w ell to  the  ex istin g  in d u stry  
38s tru c tu re . " T hus the  absence  of a  th e o re tic a l  fram ew o rk  im p lies , 
in  p ra c tic e , the  p re sen ce  of outdated  a n d /o r  a rb i t r a ry  c r i t e r ia  of 
c la ss if ic a tio n .
As an exam ple of how th e o re tic a l  c r i t e r i a  of c la ss if ic a tio n  
im plied  by the inpu t-ou tpu t m odel can  guide the e m p ir ic a l econom ist 
in  the co llec tio n  and c la s s if ic a tio n  of fac ts  the  m ethods of "v e r tic a l, " 
"ho rizon ta l, " and " p a r tia l  h o rizo n ta l"  ag g reg a tio n  w ill be d iscu ssed .
9 7
M alinvaud, p. 190.
OO
B a ld e rs to n  and W hitin, p. 99.
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A. V e rtic a l and H o rizon ta l A ggregation
Suppose the output of in d u s try  A is  w holly abso rb ed  as
input by in d u s try  B, and th a t th e re  a re  no su b stitu tes  fo r  A 's  output
tha t B can u se . T his would am ount to s t r ic t  p ro p o rtio n a lity  betw een
the outputs of the two in d u s tr ie s . Rule (2) fo r aggregation  of indus- 
39t r ie s  is  applicable  in  th is  case  and in d u s tr ie s  A and B could be
40grouped to g e th e r. H olzm an c a lls  th is  " v e r tic a l aggregation . " A 
th ird  in d u s try  could be added if  i t  w ere  re la te d  to  B in  the sam e way 
th a t B is  re la te d  to  A.
F o r  exam ple, iro n  o re , pig iro n , and s te e l ingots m ay  be 
grouped to g e th e r as  " s te e l in d u s try . "
"H o rizon ta l aggregation" i s  sa id  to  occur when p ro d u c ts  in  
the sam e stage  of m anufactu re  a re  grouped to g e th e r in  one in d u s try . 
E ith e r  ru le  (1) o r  ru le  (2) m u st be ap p ro p ria te  h e re . T hat i s ,  
e ith e r  the co st s tru c tu re  fo r the in d u s tr ie s  being agg regated  m ust be 
s im ila r  o r the p roduct mix m u st be p ro p o rtio n a l. S im ila rity  of cost 
s tru c tu re  i s  m o re  lik e ly  to  p re v a il in  h o rizo n ta l aggregation . F o r  
exam ple, in  the p u rifica tio n  of m in e ra ls  se v e ra l p ro c e sse s  a re
39See sec tio n  3. B, th is  ch ap te r .
^^M athilda H olzm an, "P ro b lem s of C lass ifica tio n  and A ggre­
gation, " in  L eontief, Studies i n .  . . , p. 330.
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p erfo rm ed  th a t a re  e sse n tia lly  s im ila r  fo r  a v a r ie ty  of m in e ra ls .
S im ila r equipm ent, u se  of pow er, lab o r, e t c . , c h a ra c te r iz e  th ese  
p ro c e ss e s . In  g e n e ra l the  h o rizo n ta l aggregation  is  based  on a 
s im ila r i ty  of p ro c e s s e s , w h ereas  v e r tic a l  aggregation  is  b ased  on the 
raw  m a te r ia l  u sed  o r output produced.
" P a r t ia l  h o rizo n ta l aggregation""^^ is  based  on s im ila r i ty  of 
cost s tru c tu re s  w ith re s p e c t to  som e inpu ts . Suppose tha t a c e r ta in  
a r r a y  of p ro d u c ts  had p roduction  functions such tha t each product used  
lab o r and m ach in ery  in  the sam e ra tio  and th a t " lab o r"  and "m ach inery" 
have been  defined as  se p a ra te  inpu ts . Suppose o th er inpu ts u sed  by  
each  in d u s try  involved a re  needed in  p ro p o rtio n  d ifferen t fro m  those  of 
la b o r and m ach in ery . Thus the co st s tru c tu re s  of the va rio u s  in d u s­
t r i e s  in  the  g iven a r r a y  a re  d ifferen t fro m  each o th e r. H ow ever, i f  it 
w ere  d e s ired  fo r  an a ly tica l p u rp o ses  to  m ake use of the fa c t th a t each
product consum ed la b o r and m ach in ery  in  the  sam e ra tio , one could do
42so  by defining a new "fic titio u s  in d u stry . " The only inputs of th is  
in d u s try  w ould be la b o r and m ach inery . The output would be the se rv ice  
of lab o r and m ach in ery  in  p e rfo rm in g  the p a r tic u la r  opera tion  by  which
^^Ibid.
42L eon tie f h as  developed the g en e ra l m a th em atica l conditions 
fo r  defining a  fic titio u s  s e c to r . See W. W. L eontief, " in troduc tion  to 
the T h eo ry  of the In te rn a l S tru c tu re  of F unctional R ela tionsh ips, " 
E co n o m etrica , XV, O ctober, 1947.
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the p ro d u c ts  a re  m ade. L abor and m ach in ery  would be rem oved  fro m  
the o rig in a l input co lum ns, and in s te ad , the  output of the new fic titio u s  
in d u s try  would be d is tr ib u te d  to  the p ro d u c ts  of each in d u s try  involved. 
H olzm an g ives the following exam ple;
Suppose s e p a ra te  in d u s tr ie s  a re  defined fo r rayon, nylon, 
s ilk , and cotton h o s ie ry  in  such a  w ay th a t the only p ro c e ss  com m on to  
a ll of them  is  kn itting . Define a fic titio u s  in d u s try  w hose output is  
knitting  and i ts  inpu ts a re  knitting  m ach in es , o p e ra to r la b o r, and 
energy . A ssum e th a t the input of kn itting  is  the sam e re g a rd le s s  of the 
tex tile  of w hich the stocking  i s  m ade. Then the s e rv ic e , kn itting , could 
be d is tr ib u te d  to  each  of the h o s ie ry  in d u s tr ie s  p ro p o rtio n a te ly  to  i ts  
output of s to ck in g s. At the sam e tim e , knitting  m ach in es , o p e ra to r 
la b o r, and e n e rg y  a sso c ia te d  w ith  the u se  of knitting  m ach ines would be 
e lim in a ted  fro m  each in d u s try 's  input colum n since th e se  now co n stitu te  
the input s tru c tu re  of the knitting  in d u s try  w hose s e rv ic e s  the  h o s ie ry  
in d u s tr ie s  buy.
T hus, p a r t ia l  h o riz o n ta l agg reg a tio n  can be applied  w henever 
the p roduction  function of the p ro d u c ts  a re  s im ila r  excep t fo r the 
m a te r ia l  u sed . The tre a tm e n t of tra d e  and tra n sp o rta tio n  in  the 1939 
inpu t-ou tpu t study  by L eon tief follow s th is  m ethod of agg regation . W ith 
re g a rd  to  the type of ag g regation  which is  to  be p re fe r re d  B arn a  m akes 
the following enlightening  com m ent:
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W h eth er we u se  . . . h o rizo n ta l o r  v e r t ic a l  in te ­
g ra tio n  [rea d  agg regation , M. M. ], depends on the p u r­
pose fo r  w hich the an a ly s is  is  u sed . If, fo r  in s ta n ce , 
the  m ain  p u rpose  is  to  in v estig a te  the e ffec ts  of te c h ­
no log ica l change and to  a ttem p t to  fo re c a s t the r e s u lts  
of in v en tio n s , i t  is  adv isab le  to  avoid undue v e r tic a l  
in te g ra tio n , and in s te ad , to  com bine p a ra lle l  p ro c e s s e s  
of p roduction . T h is is  so b ecau se  inven tions a re  lik e ly  
to  a ffec t one p ro c e ss  a t a  tim e  in  a  chain  of su cc e ss iv e  
in d u s tr ia l  p ro c e s s e s  and a re  lik e ly  to  affect s im ila r  
p ro c e s s e s  in  the p roduction  of d iffe ren t com m odities .
I t is  w ell known th a t m a jo r  inven tions a t the  e a r ly  
s tag e s  of in d u s tr ia liz a tio n  in  the tex tile  in d u s try  
a ffec ted  one p ro c e ss  a t a tim e  and w ere  se p a ra te d  by a 
co n sid e rab le  in te rv a l fro m  each  o th e r. If th is  point 
w e re  to  be g iven em p h asis  we would, fo r  in s ta n c e , 
g roup  the sm eltin g  of d iffe ren t n o n -fe rro u s  m e ta ls  
in to  one in d u s try , and the ro llin g  of d iffe ren t m e ta ls  
in to  an o th er, r a th e r  than  a ll  p ro c e ss e s  dealing w ith 
one m e ta l a s  one in d u s try , and th o s^ ^ e a lin g  w ith 
an o th er m e ta l as  a second in d u s try .
T h u s , the  th e o re tic a l  p r in c ip le s  of ag g regation  of in d u s tr ie s  
im p lied  by  the  in p u t-ou tpu t m odel prov ide an approach  to  the study  of 
sp ec ific  fe a tu re s  of the  technology of the econom ic sy s te m . A side 
fro m  i ts  u se  in  the  co n s tru c tio n  of the  s ta t is t ic a l  analogue of the  th eo ­
r e t ic a l  m odel, th is  knowledge i s  valuable in  its e lf .  Study of the  te c h ­
no log ica l p ro c e ss  a s  a  w hole and as  h is to r ic o -s o c ia l  s tre a m  of phe­
nom ena i s  a  n eg lec ted  a re a . M ost econom ic m odels take  technology 
a s  datum . H ow ever a s  the  econom ic sc ien ce  develops i t  can  be 
expected  th a t the  d isc ip lin e  w ill a ttem p t to  "explain" the techno log ica l
^^B arn a , "C la ss if ic a tio n  and A ggregation  in  Input-O utput 
A n a ly sis , " p. 181.
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p ro c e ss  r a th e r  than  tre a tin g  i t  as a  datum . V arious en g ineering  
d isc ip lin e s  have re c o rd e d  m uch of the p r im a ry  in fo rm atio n  about the  
d iffe ren t p a r ts  of the econom y. I t i s  n e c e s s a ry  to  develop a  unified 
th e o re tic a l  fram ew o rk  w hich would re f le c t  the in terdependence  am ong 
the  v a rio u s  com ponents of the  techno log ica l p ro c e ss  as  a w hole. A 
sy s te m a tic  s tudy  of the tech n o lo g ica l p ro c e ss  would have u ses  th a t 
would re a c h  beyond i ts  econom ic ap p lica tio n s , even  though the im p o r­
tan ce  of the l a t t e r  cannot be o v e re s tim a te d . G re a t s tr id e s  can be 
m ade in  p re s e rv in g  the eco lo g ica l b a lan ces  in  n a tu re  i f  the techno­
lo g ica l p ro c e s s  and i ts  in te ra c t io n  w ith  n a tu re  is  s tud ied  sy s te m a tic ­
a lly . The in te ra c tio n  of th e  techno log ica l p ro c e s s  w ith the  non- 
tech n o lo g ica l a sp e c ts  of the  so c ia l p ro c e s s , p o litic a l, socio - 
p sy ch o lo g ica l, and so c io lo g ica l, could be s tud ied  w ith m o re  su c c e ss  
if  th e  tech n o lo g ica l s tr e a m  w ere  s tu d ied  a s  a  com plex p ro c e ss  w ith 
o rg a n ic a lly  in te r re la te d  p a r t s  not a s  an  a r ith m e tic  (or m echanical) 
sum  of so  m any  ind iv idua l p a r ts  w hich m ay  only have in c id en ta l (as 
opposed to  fundam ental) re la tio n sh ip s  w ith one an o th er. A nth ropo log ists  
a re  aw are  of the  "ex p lan a to ry "  im p o rtan ce  of technology in  re la tio n  to  
the  so c ia l m ode of e x is ten c e  of m en. The study of too ls and o th er a r t i ­
fa c ts  of a  p r im itiv e  cu ltu re  i s  an im p o rtan t key  to  the "understand ing" 
of th a t c u ltu re . Social s c ie n tis ts  shy  aw ay fro m  such undertak ing  in  
re la tio n  to  m o d ern  so c ie ty  p e rh a p s  because  th ey  do not (and--pending
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the developm ent of a unified  fram ew o rk --can n o t) com prehend the
44ov era ll technolog ical p ro c e ss .
The input-output m odel goes a f r  in  the d irec tio n  of pointing 
som e avenues of re s e a rc h  in  technology. But s ince  the m odel is  
designed to fit the need of eco n o m ists , i t  cannot but se rv e  as  a 
co n jec tu ra lly -d raw n , p re lim in a ry  m ap of an unexplored  a re a .
B. Some P ro b lem s of Im plem enta tion  
Input-output m odels a re  b a sed  on a s e t of balance  re la tio n ­
sh ips (o r accounting id e n titie s )  betw een the v a rio u s  s e c to rs  of the 
econom y, as p re sen te d  in  C h ap ter IV . But the accounting schem e of 
C hapter IV p re su p p o ses  an o rig in a l de lim ita tio n  of s e c to rs . A lso a ll 
the p rev ious d iscu ss io n s  on agg regation  assu m e  an a lre ad y  ex isting
c la ss if ic a tio n  schem e. Indeed, ag g regation  is  but re c la s s if ic a tio n  and
45a t the sam e tim e reducing  the num ber of s e p a ra te  s e c to rs .
P ro fe s s o r  L eontief no tes th a t "the question  of agg regation  re p re se n ts  
e sse n tia lly  a  sp ec ia l a sp ec t of the m o re  g e n e ra l p ro b lem  of the c la s s i ­
fication  of in d u s tr ie s  and of re lev an t d is tinc tion  betw een d ifferen t
44The w ork  of V eblen, T h o rs te in , m ay be re g a rd e d  as an 
a ttem pt in  th is  d irec tio n . S pecifically  h is  The In s tin c t of W orkm an­
ship, New York; W. W. N orton and C o ., I n c . ,  1964.
^^M alinvaud defines ag g regation  as  "the re p re se n ta tio n  of a 
m odel by an o th er, s im p le r , m o d e l."  (M alinvaud, em p h asis ; see  
M alinvaud, p. 189,
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s e c to rs  of the national econom y in  g en e ra l.
In th is  sec tion  som e of the  p ro b lem s a sso c ia te d  w ith p re p a ­
ra tio n  of the o rig in a l inpu t-ou tpu t tab le  (to be ag g regated  subsequen tly  
fo r  p ra c tic a l  use) a re  s tud ied . No exhaustive su rv ey  is  in tended h e re . 
R a th e r, those a sp ec ts  of th e se  p ro b lem s w hich have an im p o rtan t 
b e a r in g  on the question  of c la ss if ic a tio n  and aggregation  w ill be d is -
^ 47cu ssed .
As shown in  the  p reced in g  sec tio n s , the th e o re tic a l c r i te r ia  
of defining a  s e c to r  a re  hom ogeneity  of output and s im ila r i ty  of input 
s tru c tu re . B ut, as  a lre ad y  noted, p ra c tic a l  d ifficu lties  re n d e r  s t r ic t  
ad h erence  to  the th e o re tic a l c r i t e r ia  im p o ssib le . P r e c is e ly  w hat is  
the  n a tu re  of th ese  " p ra c tic a l  d iff icu ltie s"?
The an sw er is  given by  C h en ery  and C lark : "In p ra c tic e  the 
m o s t s e r io u s  lim ita tio n  on the  sy s tem  of c la ss if ic a tio n  is  s e t  by  the 
av a ilab ility  of d a ta - -sp e c if ic a lly , the c la s s if ic a tio n  u sed  i n  a
46L eon tie f, The S tru c tu re  . . . , p . 208.
47 F o r  a de ta iled  p re se n ta tio n  of the  p ro b lem s of design  and 
co n stru c tio n  of U. S. in p u t-o u tp u t ta b le s  see  W. D. Evans and M. 
H offenberg, "The In te r in d u s try  R ela tions Study of 1947, " Review  of 
E cohbn iics and S ta tis tic s , XXXIV, M ay, 1952. F o r  the p re p a ra tio n  of 
the C anadian tab le s  see  C anada, B u reau  of S ta tis tic s , The In te r in d u s try 
Flow  of Goods and S e rv ic e s , C anada, 1949 , O ttawa; E . C lo u tie r, 
Q ueen 's  P r in te r ,  1956, and C anada, B ureau  of S ta tis tic s , Supplem ent 
to  the  In te r in d u s try  Flow of Goods and S e rv ic e s , C anada, 1949,
Ottaw a: E . C lo u tie r, Q ueen 's  P r in te r ,  1956.
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48co u n try 's  in d u s tr ia l  cen su s . "
In the U nited S ta tes  the S tandard  In d u s tr ia l C la ss if ic a tio n  
w as developed fo r  "use  in  connection  w ith the co llec tion , tabu la tion , 
and p re sen ta tio n  of da ta  supplied  by e s ta b lish m e n ts . An e s ta b lis h ­
m ent is  g en e ra lly  defined as  a s ing le  p h y sica l location  w here b u s in ess  
is  conducted o r w here s e rv ic e s  o r in d u s tr ia l  op era tio n s  a re  perfo rm ed ; 
fo r exam ple, a fac to ry , m ill, s to re , m ine , o r fa rm . W h e r e  a single 
p h y sica l location  c o m p rise s  two o r  m o re  un its  which m ain ta in  sep a ­
ra te  p a y ro ll and in v en to ry  re c o rd s  and w hich a re  engaged in  d is tin c t 
o r s e p a ra te  a c tiv itie s  fo r  w hich d iffe ren t in d u s try  c la s s if ic a tio n s  a re
p rov ided  in  the S tandard  In d u s tr ia l C la ss if ic a tio n , each  such  un it shall
49be t r e a te d  as  a s e p a ra te  e s ta b lish m e n t. . . . "
E stab lish m en t is  u sed  as  the  b a s ic  un it c la s s if ie d  by an
in d u s tr ia l  c la s s if ic a tio n  b e ca u se , ty p ica lly  being the b asic  un it of
in d u s tr ia l  o pera tion , i t  is  the b a s ic  un it of s ta t is t ic a l  da ta  co llection .
It is  the  s m a lle s t un it w ith in  the  f irm  fo r w hich the v a rio u s  in d u s try
50s ta t is t ic s  a re  av a ilab le .
48C h en ery  and C la rk , p. 138.
49The T ech n ica l C om m ittee  on In d u s tr ia l C la ss ific a tio n , 
B ureau  of the Budget, S tandard  In d u s tr ia l C la ss if ic a tio n  M anual, Vol.
1, P a r t  1, 1.
50See W. R. S im m ons, "T he E lem en ts  of an In d u s tr ia l 
C la ss if ic a tio n  P o licy , " Jo u rn a l of the  A m erican  S ta tis tic a l A sso c ia tio n ,
S ep tem ber, 1953, pp. 435-436.
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An in d u s try  is  a group of e s ta b lish m e n ts  which have su ffi­
c ien t com m on c h a ra c te r is t ic s  th a t th ey  m ay be grouped to g e th e r fo r 
an a ly tica l p u rp o se s . Thus the e s ta b lish m e n ts  grouped to g e th e r in  one 
in d u s try  m u st have the sam e (hom ogeneous) output and s im ila r  input 
s t ru c tu re s .  H ow ever, "A m erican  e n te rp r is e s  have a tendency  to ­
w a rd s  d iv e rs ific a tio n . . . . I t  is  not excep tional th a t an e s ta b lish ­
m ent p roduces su b s ta n tia l am ounts of com m odities w hich do not be-
51long to  the in d u s try  to  w hich i t  is  a ss ig n ed . "
If an e s ta b lish m e n t p ro d u ces  two p ro d u c ts , fo r  exam ple 
coke and c h em ica ls , i t s  c la s s if ic a tio n  depends on which of th ese  two 
p ro d u c ts  c o n stitu te s  the g r e a te r  p ro p o rtio n  of i ts  g ro s s  value of 
p roduction . If th is  w e re  c h em ica ls , a l l  the output of the e s ta b lis h ­
m en t would be c la s s if ie d  to  the ch em ica l p ro ducts  in d u s try . If coke 
cam e to  constitu te  the  l a r g e r  p ro p o rtio n  of the  g ro ss  va lue  of the out­
pu t, the  e s ta b lish m e n t w ould be re c la s s if ie d  to  the p ro d u c ts  of coal
52in d u s try . T hus, an e s ta b lish m e n t is  a ss ig n ed  to  an in d u s try  a c c o rd ­
ing  to  i ts  p r im a ry  output (the output w hich is  the p r im a ry  so u rc e  of
51Shiou-Shuang Yan, In troduction  to  Input-O utput E co n o m ics , 
New York: H olt, R in e h a rt, and W inston, 1969, p. 60.
52C anada, B ureau  of S ta tis tic s , The In te r in d u s try  Flow  of 
Goods and S e rv ic e s , C anada, 1949, p . 8.
393
re v en u es). I t  m ay  have o th e r outputs; th e se  a re  ca lled  i t s  seco n d a ry  
p ro d u c ts .
But the ex is ten ce  of e a tab lish m en ts  w ith seco n d ary  p ro d u c ts
in  an in d u s try  v io la te s  the assu m p tio n  of hom ogeneity  of output by
each  s e c to r . In p ra c tic e  th e re  have b een  th re e  ap p ro ach es  to  th is  
53p ro b lem :
(1) The m ethod u sed  in  re p o rtin g  data  in  census publica tions 
i s  to  keep  a ll  the  seco n d a ry  p ro d u c ts  in  the  output of the in d u s try .
T h is  ap p ro ach  is  u s e le s s  fo r  in p u t-o u tp u t m odels b ecau se  of the h e te r ­
ogeneity  in  the p ro d u c ts  of the in d u s tr ie s  thus defined.
(2) The m ethod u sed  in  the  p re p a ra tio n  of 1947 and 1958 
U nited  S ta tes  inpu t-ou tpu t ta b le s  is  to  t r e a t  seco n d a ry  p ro ducts  as  if  
th ey  had  b een  so ld  by the producing  in d u s tr ie s  to  the  p r im a ry  in d u s­
t r i e s .  E ach  seco n d a ry  p roduct i s  a llo c a te d  a s  a  fic titio u s  input to  the 
in d u s try  fo r  w hich i t  i s  p r im a ry , and s im u ltan eo u sly  i t  is  added to  th a t 
in d u s try 's  output. T hus, each  in p u t-o u tp u t row  a t le a s t  con tains a ll  of 
the  p r im a ry  p ro d u c t, w h e rev e r p roduced , but i t  counts the  seco n d ary  
p ro d u c ts  as  w ell.
(3) A th ird  m ethod , follow ed p r im a r i ly  in  Japan , is  to  sh ift 
co m p le te ly  to  a com m odity  c la ss if ic a tio n . E ach  seco n d a ry  p ro d u c t is  
su b tra c te d  fro m  the  output of the  o rig in a l e s ta b lish m e n ts  and is  added
53C h en ery  and C la rk , p. 139.
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to  the in d u s try  fo r which it is  p r im a ry . C orrespond ing ly , an ap p ro ­
p ria te  portion  of the inputs of the o rig in a l e stab lish m en ts  m u st a lso  be 
tra n s fe r re d  to tha t in d u s try 's  input colum n. "T h is t r a n s fe r  of inputs 
can be done only ap p ro x im ate ly  by using  the p r im a ry  in d u s try 's  input
s tru c tu re  as a guide, since the basic  input data co llec ted  fro m  the
54estab lish m en ts  a re  not u su a lly  b roken  down on a p roduct b a s is , "
The th ird  m ethod is  m ost conform ing with the assum ptions 
of input-output m odel. The 1958 tab le  sh ifted  som ew hat in  the  d irec tio n  
of the th ird  m ethod as  com pared  w ith the  1947 tab le . T h is w as done in 
ca se s  w here seco n d ary  p ro d u c ts  w e re  an im p o rtan t p a r t of the p ro ­
d u c e r 's  output and co n sid e rab ly  d iffe ren t from  the p r im a ry  p ro d u c ts .
I t is  seen , th e re fo re , th a t the  c la ss if ic a tio n  of s e c to rs  in  
inpu t-ou tpu t m odels e s se n tia lly  follow s the in d u s tr ia l c la ss if ic a tio n  
a lre ad y  availab le  when th e se  tab le s  began to  be com piled . T h is is  
m o re  due to  the a d m in is tra tiv e  and o th e r co n sid e ra tio n s  in  the  p ro c e ss  
of data  co llection  than  an  in h e ren t co n sis ten cy  of the ex istin g  c la s s if i-
ca to ry  sch em es. In  a la te r  ch ap te r the  n a tu re  and use  of the  so -c a lle d  
55"g en e ra l pu rpose" c la ss if ic a tio n  sch em es w ill be stud ied .
^^ bid.
C. E p s te in , "A G en e ra l-P u rp o se  C la ss if ic a tio n  fo r 
M anufacturing In d u s tr ie s , " Jo u rn a l of the A m erican  S ta tis tic a l 
A ssociation ', M arch , 1935, p. 47.
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6. Sum m ary  and C onclusion
T his ch ap te r p re sen ted  and analyzed  the n a tu re  of the  a g g re ­
gation  and c la ss if ic a tio n  p rob lem , using  the inpu t-ou tpu t m odel of the 
p rev io u s  c h ap te rs  as a specific  fram e  of an a ly s is . Two th e o re tic a l 
p ro p o sitio n s  w ith re g a rd  to  aggregation  of in d u s tr ie s  w ere  derived  
fo rm a lly . T hese  w ere  the conditions hom ogeneity  of p roduct (or 
s t r i c t  co m p lem en ta rity  betw een a group  of p roducts) and the s im ila r i ty  
of co st s tru c tu re s  as  b a s is  fo r grouping  in d u s tr ie s  to g e th e r.
It w as shown th a t the th e o re tic a l c r i te r ia  derived  by fo rm a l 
a n a ly s is  should be tre a te d  as gu ides in  e m p ir ic a l w orks not a s  ru le s  
to  be follow ed p re c ise ly .
Some techno log ica l a sp e c ts  of the  aggregation  p rob lem  w ere  
analyzed . S pecifically , the  so -c a lle d  v e r t ic a l  and h o rizo n ta l a g g re ­
ga tion  w ere  d iscu ssed .
I t w as shown th a t the c la s s if ic a tio n  adopted in  a  sp ec ia l 
s itu a tio n  depends, to  a  la rg e  ex ten t, on the  purpose  a t hand. A c la s s i ­
fica tio n  schem e ap p ro p ria te  fo r  one se t of p ro b lem s m ay be u s e le s s  
fo r  an o th er.
T h is ch ap te r m ay  be concluded w ith a l i s t  of c r i te r ia  th a t 
can  be u sed  fo r  the evaluation  of a c la ss if ic a tio n  sy stem ;
^^See B a ld ers to n  and W hitin, p. 97.
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1. the a p p ro p ria te n ess  of the  schem e fo r the pu rpose  a t
hand;
2. the deg ree  to  which c e r ta in  in v a ria n t re la tio n sh ip s  b e ­
tw een the com ponents of the v a rio u s  ag g reg a te  fig u re s  a re  m ain ta ined ;
3. the am ount the m odel is  s im plified ;
4. the a c c u ra cy  of the so lu tion  of one ag g reg a ted  sy stem  of 
equations re la tiv e  to the so lu tion  obtained fo r  m o re  de ta iled  sy s te m s .
CHAPTER VII
SIGNIFICANCE O F THE AGGREGATION PROBLEM
The agg regative  approach  in  econom ic a n a ly s is --b o th  m acro  
and m ic r o - - i s  due to  a se t of fa c to rs  th a t re la te  to  the in te rn a l develop­
m ent of the  sc ie n c e . T hese fa c to rs , being of m etho log ica l and h is to r i ­
ca l n a tu re , a re  b e s t stud ied  in  a s e p a ra te  ch ap te r. In  th is  c h ap te r a 
se le c te d  se t of an a ly tica l concep ts a re  rev iew ed  in  o rd e r  to  i l lu s tra te  
the im m ed ia te  an a ly tica l re s u l ts  of w orking  w ith a  le s s  ag g regated  and 
m o re  d e ta iled  m odel.
I t w ill be ob serv ed  th a t som e of the following an a ly tica l con­
cep ts  a re  "ag g reg a ted  out" of the K eynesian  m odels w hile o th e rs  a re  
m ade le s s  u sefu l b ecau se  they  prov ide  only o v e ra ll m e a su re s  fo r  the 
econom y a s  a w hole, giving no in fo rm atio n  on the d is trib u tio n  of th is  
m e a su re  in  the v a rio u s  p a r ts  of the econom y.
1. A D isagg rega ted  M u ltip lie r A nalysis 
The s im p le s t v e rs io n  of the K eynesian  m odel can  be fo rm u ­
la ted  lin e a r ly  a s  follow s : ^
^See A llen , M acroeconom ic T h eo ry  . . . , pp. 114-115.
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(7 .1) Y = C + Iq
(7. 2) C = cY 4- C
w here Y, C and c a re  incom e, consum ption, and m arg in a l p ro ­
pensity  to consum e, re sp ec tiv e ly ; and and a re  autonom ous 
in v estm en t and autonom ous consum ption, re sp e c tiv e ly .
It follows fro m  (7. 1) and (7. 2) tha t;
(7 .3) Y ( 1 - c) = Iq + C q
T h e re fo re :
(7 .4 ) a y  = 1 ■ A dg + Cg)
E quation  (7. 4) s ta te s  th a t fo r  an econom y s ta r t in g  at equ ilib riu m
lev e l of output a change in  autonom ous expend itu re  equal to
A(I- + C .)  induces a  change in  incom e equal to  —  . A(I„ + C,^). u u i - c u u
E quation  (7 .4 ) m ay  be decom posed  a s  fo llow s:
In th is  fo rm  it s ta te s  th a t the  c e te r is  p a rib u s  change in  incom e when
in v estm en t changes by AI_ is   -----  and the c e te r is  p a rib u s  change
AC„
in  incom e w hen autonom ous consum ption  changes by AC^ is  
The fa c to r  is  c a lled  "the m u ltip lie r"  in  the  K eynesian  m odel.
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Its sign ificance  is w ell e s ta b lish e d  in  the l i te ra tu re  and need not be 
expounded upon here .
An analogous p rocedu re  m ay be follow ed in  re la tio n  to  the 
input-output m odels. In  fact, the reason ing  behind the open L eontief 
sy stem  is  s im ila r  to tha t of the K eynesian  an a ly s is . The "final d e ­
m and" ca teg o rie s  of the fo rm e r co rre sp o n d  to  the "autonom ous expen ­
d itu re"  c a te g o rie s  of the la t te r . In both sy s te m s  the ca teg o rie s  co n ­
s is t  of one o r m ore  v a r ia b le s  d e lib e ra te ly  held "fixed" while the r e ­
m aining v a ria b le s  assu m e v a lues accord ing  to the specific  s tru c tu re  
of the m odel (as d ic ta ted  by the v a lu es  of the p a ra m e te rs  of the  sy stem  
of equations d esc rib in g  the m odel). In the w ords of Leontief; ". . . 
The g e n e ra l logic of th is  [ i . e . ,  the s ta tic , open Leontief] p ro ced u re
is  e sse n tia lly  id en tica l with tha t followed in  som ew hat le s s  a rtic u la te
2
fo rm  in  d iffe ren t m odels of K eynesian  m u ltip lie r  an a ly s is . "
The e s se n tia l d ifference  is th a t in  inpu t-ou tpu t an a ly sis  a 
se p a ra te  m u ltip lie r  is  com puted fo r each  s e c to r  of the econom y. The 
m u ltip lie r  fo r the j- th  s e c to r  would m e asu re  the o v e ra ll incom e 
effect of a given change in the dem and fo r the  p roduct of that s e c to r .
2
L eontief, T he S tru c tu re  . . . , p. 206.
3
The developm ent of the  m u ltip lie r an a ly s is  in  re la tio n  to 
input-output m odels is  a lm o st e n tire ly  due to  th e o re tic a l and e m p ir i ­
c a l w orks of those  in te re s te d  in  reg io n a l econom ics. Some r e f e r ­
ences m ay be given: F . T . M oore, "R egional Econom ic R eaction
4 0 0
It is  n e c e s sa ry  to  in te rp re t  the e lem en ts  of the in v e rse  
-1
m a trix  (I - A) encoun tered  in the p rev ious c h ap te rs . L et 
- 1
(I - A) = [A .j]. Then acco rd ing  to equation (5 .36) C h ap ter V:
(7 .6) X = [A. ,]D
13
or
X = .2 A. . D. (i = 1, . . . , n)
 ^ 3-1 13 3
8X.
3D ^ = ^ i j  
3
E quation (7 .8 ) s ta te s  th a t i j - th  e lem en t of the in v e rse  m a trix  
m e a su re s  the num ber of units of the i - th  product needed per unit 
of fin a l dem and of the  j - th  product. F o r  in s tan ce , if i and j 
designate  the  ch em ica l and a g r ic u ltu ra l in d u s tr ie s , re sp ec tiv e ly , 
then  A _ is  the am ount of output of the ch em ica l in d u s try  needed if 
the fina l dem and fo r the output of the  a g r ic u ltu ra l in d u stry  is  to  in ­
c re a s e  by one unit. F o r  a given j, [A ... A „„ . . . , A .] is  a
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colum n v e c to r  w hich in d ica tes  the in c re a s e  in output in d u s tr ie s  
1, 2, . . . , n if the fin a l dem and fo r the j- th  in d u stry  is  to  in ­
c re a s e  by one unit.
Now le t  v^ re p re s e n t  the "value-added" portion  of a d o lla r
P a th s , " A m erican  Econom ic Review , May, 1955, pp. 133-148; and 
G. H ildebrand and A. M ace, "The Em ploym ent M u ltip lie r in  an E x ­
panding In d u s tr ia l M arket: L os A ngeles County, 1940-1947, " R e ­
view  of E conom ics and S ta tis tic s , August, 1950, pp. 241-249.
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re c e ip t of in d u s try  i. can  be com puted by e x p re ss in g  the  net
re c e ip ts  of the s e c to r  (net a f te r  su b trac tin g  the to ta l paym ents of the
se c to r  to the  o th e r endogenous s e c to rs  of the m odel from  to ta l
re c e ip ts )  a s  a p ropo rtion  of to ta l re c e ip ts .
n
The sum  Z .  V. A .. m e a s u re s  the to ta l value a d d e d --o r , 
1 = 1  1 1]
what is  the sam e thing, the to ta l in c o m e --g e n e ra te d  in  the  econom y 
due a unit in c re a s e  in  fina l dem and fo r s e c to r  j.
To m ake the  r e s u lts  m o re  co m p arab le  w ith the K eynesian
4
m u ltip lie r  the "s im p le"  incom e m u ltip lie r  i s  defined a s  fo llow s:
(7. 9) M
Z V. A. . 
 1 1.1
'  ' j
T h is  s ta te s  th a t if  incom e in  the j - th  s e c to r  in c re a s e s  by one unit
5
th en  incom e in  the  econom y as a whole in c re a s e s  by M^ . u n its .
T hus, i t  i s  seen  th a t fo r each  of the n s e c to rs  of the  e co n ­
omy i t  is  p o ssib le  to  com pute a  m u ltip lie r  w hich would give the in ­
c re a s e  in  incom e fo r the econom y a s  a  whole a s  a re a c tio n  to  a
4M oore, p. 137.
5
F o r  a  s im p le , 3 -s e c to r  i l lu s tra tio n  and som e n u m e ric a l 
exam ples see , Shiou-Shuang Yan, In troduction  to Input-O utput 
E co n o m ics , New Y ork: Holt, R in eh art, and W inston, 1969, pp. 
65-73. Yan a lso  ev alua tes  som e of the  w eak n esses  of the " s im p le"  
m u ltip lie r  and (following M oore) in tro d u ces  the  "fu ll"  incom e m u lt i­
p lie r . T h ese  co n sid e ra tio n s  a re  not of in te re s t  to  the  p re se n t d is ­
cu ssio n .
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given in c re a se  in  incom e of a  p a r tic u la r  s e c to r . T h is  add itiona l in ­
fo rm atio n  c o m p ares  fav o rab ly  w ith the o v e ra ll K eynesian  m u ltip lie r . 
T h is  is  a ty p ica l r e s u l t  of low ering  the deg ree  of ag g reg a tio n  in  the 
m odel. In g en e ra l, a s  the d eg ree  of aggregation  d e c re a se s  the 
am ount of in fo rm atio n  prov ided  by the so lu tion  of the m odel in c re a s e s . 
At the  sam e tim e  the fa c t-a b so rb in g  cap ac ity  of the  m odel in c re a s e s ;  
th a t is , on the input side  m o re  in fo rm ation  is  re q u ire d  by the m odel. 
H ence, d isag g reg a tio n  is  a  m ethod of b roadening  the  e m p ir ic a l base 
of an econom ic m odel.
2. S tru c tu ra l A nalysis 
In ac tu a l inpu t-ou tpu t ta b le s  m any of the  e lem en ts  of in te r ­
in d u s try  flow m a tr ix , and, th e re fo re , the c o rre sp o n d in g  co effic ien ts  
of p roduction , a re  equal to  z e ro . F e r t i l iz e r s ,  fo r in s tan ce , a re  not 
u sed  in  m aking s te e l, nor flou r in  the e le c tr ic  app liance  in d u stry .
In p ra c tic e  the  p roduction  coeffic ien ts  th a t a re  su ffic ien tly  sm a ll 
(re la tiv e  to  a  given s ta n d a rd  of accu racy ) a re  t r e a te d  as z e ro . ^
It m ay  happen th a t a m a tr ix  w ith som e a _  = 0, a f te r
0
D orfm an, S am uelson , and Solow w arn  th a t " s t ru c t ly  sp e a k ­
ing . . . z e ro s  and s m a ll  positive  n u m bers  a re  not the  sam e  thing'.' 
And the  concept of the  s tru c tu re  of a  m a tr ix  is  pu re ly  qu a lita tiv e  and 
n o n -q u an tita tiv e . It depends on the p a tte rn  of p ositive  and z e ro  c o ­
e ffic ien ts , and not on the s ize  of th ese  co e ffic ien ts . See D orfm an, 
Sam uelson, and Solow, p. 255.
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ap p ro p ria te  tra n sp o s it io n  of co lum ns and row s, is  a q u asi-d iag o n a l 
m a trix , i . e . , the position  of its  z e ro  and n o n -ze ro  e lem en ts  is  of the 
following p a tte rn :^
(7. 10)
|A zero
B elem en ts
C
z e ro , N
elem en ts
w here A, B, C, . . . , N a re  sq u a re  m a tr ic e s .  The following is 
a sp ec ific  exam ple of such  a m a tr ix ;
(7. 11)
^ 1 ^12 ^13
0 0 0
^21 ^22 ^23 0 0 0
^31 ^32 ^33
0 0 0
0 0 0 ^44 0 0
0 0 0 0 %5 ^56
0 0 0 0 a a
A diagonal m a tr ix  is  defined as a  sq u are  m a tr ix  fo r which 
a_  = 0 fo r e v e ry  i /  j.
g
F o r  an  e lem en ta ry  d iscu ss io n  on of " tr ia n g u la r iz a tio n ” of 
m a tr ic e s  see , Kogiku, pp. 23-24. Kogiku a lso  d is c u s se s  the co n ­
cep ts  of " c a u sa l o rd e rin g "  in  m a tr ic e s , a  v e ry  usefu l notion in  the 
study of the  s tru c tu re  of a  sy s te m  of equations. An exhaustive
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In th is  exam ple the sy stem  of equations co rrespond ing  to  the given 
m a trix  of coeffic ien ts  can be decom posed into th re e  independent su b ­
sy stem s, one co rre sp o n d in g  to each  "block" of coeffic ien ts in  the 
above m a trix . In econom ic te rm s  th is  would m ean that the econom ic 
system  is  not com pletely  independent. Instead  it c o n s is ts  of s e v e ra l  
independent su b sy s tem s  such  th a t changes in  output, p rice , o r te c h ­
nology w ithin each  su b sy s tem  affects the subset of v a r ia b le s  that 
co rre sp o n d  to  th a t su b sy stem , leaving the r e s t  of the v a r ia b le s  un­
changed.
A nother possib le  sy stem  of lin e a r  equations is  one w ith a
9
quasi - tr ia n g u la r  m a trix . The following is  a  spec ific  exam ple :
r -
(7 .12)
^ 1 ^ 2 0 0 0
0 0
^21 ^22
0 0 0 0 0
^31 ^32 ^33 ^34 ^35
0 0
^41 ^42 ^43 ^44 ^45
0 0
^51 ^52 ^53 ^54 ^55
0 0
^61 ^62 ^63 ^64 ^65 ^66 ^67
^ 1 ^72 ^73 ^74 ^ 5 ^76 ^77
d iscu ssio n  of decom posab ility  of Leontief m a tr ic e s  m ay be found in 
D orfm an, Sam uelson, and Solow, pp. 254-264.
Since a  tr ia n g u la r  m a tr ix  is  a  sp ec ia l c ase  of q u a s i- 
tr ia n g u la r  m a tr ic e s  w ith only one coeffic ien t in  each  block, no
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In th is  case  the  sy stem  of equations co rresp o n d in g  to  the given m a tr ix  
is  not decom posable into a num ber of independent su b sy stem s as was 
the case  w ith the q u asi-d iag o n a l m a tr ix . However, ano ther p ro p e rty  
is  p re sen t.
C o n sid er the sy s tem  of equations:
(7. 13) a .jX j + + . . . + = b. (i = 1, 2, . . . . r.)
If the m a tr ix  of coeffic ien ts  i s  q u a s i- tr ia n g u la r  as in  the exam ple 
above then  the v a lu es  of x^ and x^ depend only on the coeffic ien ts  
appearing  in  the  f i r s t  two equations in  the sy stem ;
(7 .14) &ii%i &12*2 "
^ 21^1 * 22*2 ^  ^2
T he v a lu es  of x^  ^ and x^ found fro m  h e re  can be s u b s t i­
tu ted  in  the follow ing sy s te m  to find the  v a lu es  of x^, x^, and x^:
5
(7. 15) Z , a. .X,  = b. (i = 3, 4, 5)
3=1 ’-3 3 1
The p ro ced u re  m ay be re p e a te d  fo r the rem ain in g  v a r ia b le s  in  a 
s im ila r  way.
In econom ic te rm s  a  quasi - tr ia n g u la r  m a tr ix  of co effic ien ts  
in d ica tes  th a t a given group of in d u s tr ie s  a re  independent of the r e s t
se p a ra te  d iscu ss io n  of it is  deem ed n e c e ssa ry .
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of the econom y but the r e s t  of the econom y is  not independent of 
th is  group. T hat is , changes in  the r e s t  of the econom y do not n e c e s ­
sa r ily  influence the value of the v a r ia b le s  in  th is  g roup  of in d u s tr ie s  
but any changes w ith in  th is  group  n e c e s sa r ily  b rin g s  about changes in 
the r e s t  of the econom y.
T hus the  in d u s tr ie s  m ay be a rra n g e d  in  a h ie ra rc h ic a l 
o rd e r w ith re s p e c t to  th e ir  deg ree  of independence. The group of in ­
d u s tr ie s  th a t c an  be so lved  independently  of the r e s t  of the sy s te m  
m ay be c a lled  the z e ro -o rd e r  sy s te m . The sy s te m  whose so lu tion  
is  contingent upon the so lu tion  of a  z e ro -o rd e r  group  of in d u s tr ie s  has 
an o rd e r  of one. If the so lu tion  of a sy s tem  is  contingent upon solving 
a  f i r s t - o r d e r  sy s te m , th en  i t  is  c a lled  second  o rd e r , and so on.
In g en era l, the  h igher the  o rd e r  of the  sy s te m  to w hich a 
given in d u s try  belongs, the g re a te r  the num ber of in d u s tr ie s  th a t use 
the p roduct of the  given in d u s try ; th a t is , the  m o re  "b as ic"  the given 
in d u stry . T hus a h ig h -o rd e r in d u s try  u ses  the inputs of few s e c to rs  
but p ro v id es  m any s e c to rs  w ith i ts  output. F o r  exam ple, s te e l  is  a 
h ig h -o rd e r in d u s try  becau se  i ts  output is  u sed  by m any s e c to rs .
A lo w -o rd e r  in d u s try  buys fro m  m any s e c to rs  but s e l ls  to 
only few . G en era lly  the  in d u s tr ie s  th a t a re  c lo se r  to  the fina l
Kogiku, pp. 28-29.
407
dem and tend  to be of a  low er o rd e r , se llin g  to fin a l dem and and a 
few o th e r s e c to rs .
F in a lly  the m a tr ix  of coeffic ien ts  of a  sy stem  of equations 
m ay have only one positive  e n try  in each  row and colum n w ith z e ro s  
in  a ll  o th e r e n tr ie s . As a sp ec ific  exam ple co n sid e r the following:
0 0 0 0 h4
(7.16) 2^1 0 0 0 0
0 0 3^3 0 0
0 4^2 0 0 0
T h is  is  the  c a se  of com ple te  sp e c ia liz a tio n  b ecau se  each  in d u s try  
buys only fro m  one in d u s try  and s e l ls  to  only one in d u stry .
It i s  seen  th a t a  d isag g reg a te d  m odel of the econom y re v e a ls , 
upon exam ination  of the m a tr ix  of co effic ien ts , a s e t of in te re s tin g  
s t ru c tu ra l  fe a tu re s  of the  sy s te m . T h is  type of in fo rm atio n  is  c o m ­
ple te ly  lo s t a s  the d eg ree  of ag g reg a tio n  in c re a s e s  to  the lim it of a 
o n e -in d u s try  m odel of w hich the K eynesian  m odel is  a specific  e x ­
am ple.
F u r th e r , i t  is  ev iden t th a t the s tru c tu ra l  c h a ra c te r is t ic s  of 
the econom y d isp layed  in  the  m a tr ix  of coeffic ien ts  depend on the 
p a r tic u la r  c la s s if ic a t io n  of in d u s tr ie s  adopted in  the  m odel. It is 
p ossib le  th a t c e r ta in  fe a tu re s  a re  exh ib ited  by the m odel th a t a re
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actua lly  p re se n t in  the  sy s te m  m ay not be re f le c te d  in  the m a tr ix  b e ­
cause  of im p ro p e r c la s s if ic a tio n . The c la s s if ic a tio n  and ag g reg a tio n  
p ro b lem s a re  indeed  a ll-p e rm e a tin g  in  sy s te m s  of in te rdependen t 
p a r ts .
V ario u s  q u an tita tive  indexes have been p roposed  fo r m e a ­
su rin g  such  fe a tu re s  as the d eg ree  of "d iv ision  of lab o r, " the d eg ree  
of "econom ic in te rd ep en d en ce"  in  the  econom ic sy s te m . Many 
concep ts of an  e lu siv e  and lo o se ly  defined  n a tu re  tha t w ere  developed 
e a r ly  in  the h is to ry  of econom ics a re  finding p re c ise  quan tita tive  
sp ec if ic a tio n s . T h is  is  a  defin ite  s ig n  of the  fac t tha t econom ics is  
a lread y  on a cum ula tive  grow th path s im ila r  to th a t follow ed by 
n a tu ra l and p h y sica l s c ie n c e s .
3. F e a s ib i l i ty  of a G iven "B ill of G oods"
L et L , ky and designa te  the re q u ire m e n ts  of labor, 
c ap ita l, and land  p e r unit of output of s e c to r  j. T hen  the " r e s o u r c e - 
re q u ire m e n ts  m a tr ix "  fo r the  econom y is  g iven by:
See, fo r  exam ple, C h en ery  and C la rk , C h ap te rs  IX and 
X; C Yan and E dw ard  A m es, "Econom ic In te rre la te d n e s s , " 
R eview  of E conom ic  S tudies, O ctober, 1965.
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(7. 17) R = k l  kg n
^1 ^2 • • •
R ecalling  tha t the j- th  colum n of [A. j], the in v e rse  m a trix , gives 
the output of each  in d u s try  n e c e s sa ry  fo r a  unit in c re a se  in  the fina l 
dem and fo r the j - th  in d u stry , the following quantity  is  of in te re s t :
(7. 18)
i l l
E quation  (7. 18) g ives the to ta l lab o r req u ire m e n ts  by the  econom y 
as a  whole if the  fin a l dem and fo r the j - th  s e c to r  in c re a s e s  by one 
unit. S im ila rly , and q^,A_ give the co rresp o n d in g
c ap ita l and land re q u ire m e n ts , re sp ec tiv e ly . T hese  re la tio n s  can  be 
su m m arized  by m eans of m a tr ix  notation:
R x [A ..]
(7. 19)
' : i ^2 • ’ • ^n \ l
A i 2 . . . ^ i n "
^ 1 4 - • ' " n ■^21 A g 2  • • • ^ 2 n
_ ^ i ^ 2  •
\ 2  • * * "^nn_
Z l.A .,  Z1.A .„1 i l  1 i2




w here the su m s a re  tak en  over i =  1, 2, . . . , n. Now le t 
F  = [f_ ] re p re s e n t  m a tr ix  (7. 19). The j- th  colum n of th is  m a tr ix  
shows the re q u ire m e n ts  of v a rio u s  re s o u rc e s  p e r unit of output of 
in d u stry  j.
T he F  m a tr ix  m ay be used  to  com pute the re so u rc e  r e q u ir e ­
m ents th a t c o rre sp o n d  to  a  g iven "b ill of goods" (or p ro g ram  of final 
dem and).
(7. 20)
f f f 11 12 • • ■ In
—
f f f 21 22 ' • ‘ 2n ° 2
=
f f f 31 32 " ' " '3 n
Dn
The v e c to r  on the  rig h t-h an d  side  of (7. 20) g ives the re q u ire m e n ts  
of lab o r, c ap ita l, and land  fo r indexes 1, 2, and 3, re sp ec tiv e ly . 
T h is  v e c to r  m ay be co m p ared  w ith the v e c to r  of supply of re s o u rc e s :
(7.21)
L ~  Zf .D."*
1] ]
K >< 2] 3
Q Z f-.D .
w here L, K, and Q designa te  the availab le  su p p lies  of labo r, 
cap ita l, and land, re sp e c tiv e ly . If < holds in  (7 .21), the  given 
"b ill of goods" is  not " feas ib le . "
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The F  m a tr ix  m ay  a lso  be applied  in  com puting a se t of
fina l goods and s e rv ic e s  w hose p roduction  would a s s u re  fu ll em p lo y -
12m ent of r e s o u rc e s .
The above anailysis is  m ost usefu l when it is c a r r ie d  out on 
the b a s is  of a  m o re  d isag g reg a ted  re s o u rc e  m a tr ix  with, say , m 
rov/s r a th e r  than ju s t th re e . The c la ss if ic a tio n  of r e s o u rc e s  into 
th re e  b ro ad  c a te g o rie s  of lab o r, cap ita l, and land  was adopted m ere ly  
fo r i l lu s tra tiv e  p u rp o se s . No in h e ren t c h a ra c te r is t ic  e x is ts  which 
would m ake th is  c la s s if ic a tio n  b e tte r  o r  w orse  than  an o th er. The 
logic of the an a ly s is  re m a in s  the sam e re g a rd le s s  of the  num ber of 
d ifferen t r e s o u rc e s  d is tin g u ish ed  w ithin the g e n e ra l c a te g o ry  of 
" re so u rc e . " The sp ec ific  c la s s if ic a tio n  adopted depends on the p u r ­
pose of the  an a ly s is . A d iscu ss io n  of the s o -c a lle d  L eon tief paradox 
w ill i l lu s tra te  th is  point.
4. The L eontief P aradox
It is  com m only be lieved  in  in te rn a tio n a l econom ics th a t a 
coun try  ten d s  to  ex p o rt com m odities  th a t need  re la tiv e ly  m o re  of the 
re s o u rc e  w hich i s  re la tiv e ly  abundant. T hus the  United S ta tes  is  sa id  
to be a cap ita l-ab u n d an t and la b o r -s c a rc e  econom y. It is  expected, 
th e re fo re , tha t the U nited S ta te s  ex p o rt c a p ita l- in ten s iv e  and im p o rt
^^See Yan, pp. 77-81.
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la b o r- in te n s iv e  goods. It w as v e ry  s tr ik in g  when L eontief announced
tha t h is  find ings show th a t the ac tu a l p a tte rn  of the United S ta tes
in te rn a tio n a l t ra d e  is  d ire c tly  opposite  to  the  view  com m only held.
T hat is , in ac tu a lity  the U nited S ta te s  ex p o rts  la b o r-in ten s iv e  and
13im p o rts  c ap ita l- in ten s iv e  goods.
L et [E ^, Eg, . . . , E^] designate  cobrm n v ec to r of the 
se t of expo rted  ite m s  in  the  A m erican  econom y and le t 
[M^, Mg, . . . M^] stand  fo r the se t of im p o r ts . Then, applying
the f i r s t  two ro w s of the F  m a tr ix  above, the following 2 -com ponent 
v e c to r  is  defined;
f f f 11 12 • • • In ' ® r
I- n -
3=1 ^ i f j
(7 .22) f f f 21 22 ' ' ' 2n ^ 2
En
■
3 = 1 ^2j^ i
a  n
H ere f ,  .E. m e a su re s  the to ta l  am ount of lab o r and ,Z- f„ .E . 
3 = 1 1] 3 3 = 1 2] j
m e a su re s  the  to ta l am ount of c ap ita l "congealed" in  the g iven se t 
of ex p o rts .
13W. W. L eontief, "D om estic  P ro d u ctio n  and F o re ig n  
T ra d e ; the A m erican  C ap ita l P o s itio n  R e-exam ined , " P ro ceed in g s  
of the A m erican  P h ilo so p h ica l Socie ty , XCVII, No. 4, Sep tem ber, 
1953; fo r  a  s im p lified  d iscu ss io n  se e  Yan, pp. 81-85; fo r a s u m ­
m a ry  of v iew s of the fo llo w ers  and c r i t ic s  of L eon tief on th is  is su e  
see , John S. C hipm an, "A S urvey  of the  T h eo ry  of In te rn a tio n a l 
T ra d e : P a r t  3, The M odern T heory , " E c o n o m e tric a , pp. 44-57. 
An ex tensive  b ib liography  on the  su b jec t is  p re sen te d  h e re .
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S im ila rly  fo r im p o r ts :
(7. 23)
n ~
f f f 11 12 • • • n “ M l 3=1 ^ I j ^ j
nf f f 21 22 • • • n ^ 2
M
= 3=1 ^ 2 j^ j
n
The ob jection  often  r a i s e d  ag a in st th is  a n a ly s is  is  th a t in  (7. 23) 
L eon tie f ap p lie s  the  d o m estic  re s o u rc e - re q u ire m e n t co effic ien ts , 
f_ , to m e a su re  the  am ount of re s o u rc e s  "congealed" in  the  im p o rts  
which a re  p roduced  ou tside  of the U nited S ta te s  and a re , th e re fo re , 
su b jec t to  a  d iffe ren t s e t of co e ffic ien ts . H ow ever, it  can  be sa id  
th a t the  technology m a tr ix  of i ts  m a jo r tra d e  p a r tn e rs  a re  su ffic ien tly  
s im ila r  to  th a t of the  U nited S ta te s  to  ju s tify  the above a n a ly s is .
The a c tu a l s ta t i s t ic a l  findings of L eno tie f w ere  as fo llow s;
(7.24)
(7 .25)
Z f. .E. > Z f , .M. 
13 3 I 3 3
Z f„ .E . < Z f „ .M . 
2 3  3 2 3  ]
The inequality  (7. 24) s ta te s  th a t the  la b o r  th a t w ent in to  th e  ex p o rts
14of the United S ta te s  d u rin g  the p e rio d  of a n a ly s is  exceed  th e  lab o r 
th a t w ould be n e c e s sa ry  if  the  coun try  ac tu a lly  p roduced  its  o th e r ­
w ise im p o rted  m a te r ia ls .  The ineq u ality  (7. 25) s ta te s  th a t the
1 4
y e a r  1947.
The a c tu a l p e rio d  of a n a ly s is  chosen  by L eon tief w as the
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am ount of c ap ita l th a t w ent in to  the p roduction  of the export ite m s  w as 
le s s  than  th a t which would have been  req u ired  if  the ac tu a lly  im p o rted  
m a te r ia ls  w ere  to  be produced d o m estica lly . Thus the la b o r /c a p ita l 
ra tio  w as h ig h e r fo r ex p o rts  than fo r im p o rts :
Z f E . Zf M.
> T f V
2j 3 2j J
w here  the sum s a re  taken over j = 1, 2, . . . , n. The inequality  
(7. 26) s ta te s  tha t the expo rt goods w ere  la b o r-in ten s iv e  re la tiv e  to the 
im p o rted  goods during the pe rio d  u n d er an a ly s is .
5. Sum m ary and C onclusion 
In th is  ch ap te r fou r d is tin c t types of an a ly sis  w ere  p re sen te d  
in  o rd e r  to  i l lu s tra te  the qua lita tive  im p rovem en t in  analy tic  econom ics 
due to the fo rm u la tion  of d isag g reg a ted  m odels. T hese  w ere: m u lti­
p l ie r  a n a ly s is , s tru c tu ra l  a n a ly s is , fe a s ib ility  a n a ly s is , and the 
L eo n tie f paradox .
It w as seen  th a t w h ereas  the g e n e ra l logic of the  m u ltip lie r  
a n a ly s is  w as the sam e in  the K eynesian  and the L eontief m o d e ls , the 
la t te r  p ro v id es  not one o v e ra ll m u ltip lie r  fo r  the eco n o m y --as  is  the 
c ase  w ith the fo rm e r - -b u t  a se t of m u ltip lie rs , one fo r each s e c to r  
w ith in  the econom y. The sign ificance  of th is  im provem ent in  re la tio n  
to  an o p era tiv e  econom ic policy  cannot be o v e restim ated .
In the case  of s tru c tu ra l  a n a ly s is , the c re d it  m u st go e n tire ly
to the d isag g reg a ted  m odel. The K eynesian m odel w orks w ith an ag g re -
15gative p roduction  fu n c tio n -- it is  a  o n e -in d u s try  m odel. As such , i t  
d e lib e ra te ly  overlooks the p a tte rn  of in te rre la tio n sh ip s  am ong in d u s­
t r i e s .  It a b s tra c ts  fro m  th is  a sp ec t of the  econom ic phenomena..
Thus the concept of s t ru c tu ra l  an a ly s is  is  i r r e le v a n t  in  a K eynesian  
context.
T h is in d ic a te s  th a t the le s s  agg regative  m odel can be u sed  fo r 
the an a ly s is  of som e phenom ena which a re  le ft out in  the m o re  a g g re ­
gative m odels . T h e re fo re , the p rob lem  of agg regation  is  not m e re ly  
one of d eg ree . I t is  p r im a r i ly  a  qualita tive  one. C e rta in  new fe a tu re s  
a re  in tro d u ced  a s  a  re s u lt  of d isag g reg a tio n . The n a tu re  of the  analy ­
s is  often changes.
W hat i s  sa id  of the s tru c tu ra l  an a ly sis  can be re p e a te d  ex ac tly  
fo r  the  a llo ca tio n  p rob lem  and the  L eon tie f paradox .
The fo rego ing  com m ents should not be in te rp re te d  a s  a c r ic i t is m  
of the K eynesian  sy s tem . An an a ly tica l sy stem , like  any o th er hum an 
c rea tio n , can be evaluated  only in  re la tio n  to  the purpose  i t  a im s to  
achieve and in  the context of the h is to r ic a l  se ttin g  in  which i t  has  
evolved. Some co n sid e ra tio n s  in  th is  re g a rd  w ill be p u rsu ed  in  a 
ch ap te r dealing  w ith the m ethodolog ical a sp ec t of aggregation .
^^See C hap ter V.
PA RT III
CHAPTER V in
DISAGGREGATION WITHIN A MONETARY MODEL,
In the p reced in g  c h a p te rs  i t  h a s  been  sug g ested  th a t d isa g g re ­
gation  as  a g e n e ra l s tra te g y  of th e o ry  fo rm u la tio n  in  econom ics is  one 
im p o rtan t w ay in  w hich the d isc ip lin e  can m ake p ro g re s s  along e m ­
p ir ic a l  lin e s . In  th is  c h ap te r th is  g e n e ra l s tra te g y  i s  app lied  to  a  
s im p le  th e o ry  concern ing  the v e lo c ity  of c irc u la tio n  of m oney. As fa r  
a s  th is  au th o r h as  been  able to  d e te rm in e  th is  s o r t  of d isag g reg a tiv e  
m o n e ta ry  m odel h a s  not been  p ro p o sed  anyw here in  the l i te r a tu re .
1. G en era l R em ark s
C o n sid e r the  following tautology:
Y = M V
w h ere  Y is  som e sp ec ific  m e a su re  of to ta l ex p en d itu re s , M the
Yto ta l s tock  of m oney, and V = i s  defined a s  the ve lo c ity  of m oney.
G en era lly  Y is  sp ec ified  as  the  g ro s s  na tiona l p roduct and M 
as  the sum  to ta l of dem and d ep o sits  and c u rre n c y  and co ins ex istin g  in
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the econom y. H ow ever, a lte rn a tiv e  defin itions of Y and M a re  a lso  
p o ss ib le .
In  fac t re fe re n c e s  to the  tra n sa c tio n  v e lo c ity  of m oney a re
found quite freq u en tly  in  the l i te r a tu r e .  H ere  no d is tin c tio n  is  m ade
betw een fin an c ia l and n o n -fin an c ia l a s s e ts ,  o r  tra n sa c tio n s  re la te d  to
the  fin a l and in te rm e d ia te  goods. T hus, i f  T m e a su re s  the to ta l
re c e ip ts  of econom ic ag en c ie s  during  a  y e a r  and i f  M is  the av erag e
Tle v e l of m oney s to ck s  during  the p e rio d , then  V = m e a s u re s  the
tra n sa c tio n  v e lo c ity  of m oney.
A th ird  type of v e lo c ity  m ay  be defined in  re la tio n  to  the g ro s s  
output (in the L e o n tie f  s sen se ) of the econom y.  ^ H ere  Y is  sp ec ified
in  the follow ing way:
w h ere  a re  the  in te r s e c to ra l  d e liv e r ie s  and is  the  output of
fin a l goods and s e rv ic e s  by s e c to r  i .
G iven a defin ition  fo r M i t  is  tru e  th a t the GNP v e lo c ity  of 
m oney is  the low est and the  tra n s a c tio n  v e lo c ity  the h ig h est of the  th re e .
The au th o r h a s  not seen  any re fe re n c e  to  th is  type of v e lo c ity  
in  the l i te r a tu r e .  T h is m ay  be exp lained  by the  fa c t th a t the  in te r ­
m ed ia te  p ro d u c ts  did not in te r e s t  the K eynesian  eco n o m ists  who a re  
u sed  to  th ink  in  te rm s  of v a lu e-ad d ed  c a te g o r ie s . A lso  the fac t th a t 
n a tio n a l incom e s ta t is t ic s  p rov ided  only the  v a lu e-ad d ed  fig u res  in  the 
published  fo rm  m ay  be an o th er exp lanation .
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Two questions a re  of in te re s t  w ith re g a rd  to V:
(a) The e m p ir ic a l m eaning of it; and
(b) The s ta tu s  of V as a p a ra m e te r  in  c e r ta in  th e o re tic a l 
sch em es.
T hese  questions w ill be exam ined in  the ligh t of som e of the m ethodolo- 
lo g ica l p r in c ip le s  developed in  the e a r l i e r  c h ap te rs .
2. On E m p ir ic a l M eaning of V elocity  of Money 
It should be noted tha t V is  au to m atica lly  defined a s  a m agni­
tude once Y and M in the id en tity  Y a M V a re  defined. Thus in  a 
fo rm a l sen se  no m o re  than  th is  is  re q u ire d . If V, as defined in  th is  
fo rm a l w ay, happens to be a  u sefu l in te lle c tu a l stepping stone, then it 
is  u sed  f re e ly  w ithout n e c e s sa r ily  bo thering  w ith the ac tua l e m p ir ic a l
p ro c e ss  th a t co rre sp o n d s  to i t ,  p rovid ing  tha t th e re  e x is ts  one a t a ll.
2
I t is  in  th is  fo rm a l sen se  th a t V is  u su a lly  u sed  in  the l i te ra tu re .
V in  th is  fo rm al sen se  m ay o r m ay not co rre sp o n d  to  the tru e  
e m p ir ic a l V. G iven a defin ition  fo r M then  th e re  m ust ex is t a unique
2
See, fo r  exam ple, F r ied m an , M ilton, and David M eise lm an , 
"The R elative  S tab ility  of M onetary  V elocity  and the Investm ent M ulti­
p l ie r  in  the U nited S ta tes , 1897-1958, " C om m ission  on M oney and 
C re d it, S tab iliza tion  P o lic ie s  , New York: P re n tic e  H all, 1963; M eyer, 
T . ,  "M u ltip lie r and V elocity  A nalysis: An E valuation , " Jo u rn a l of 
P o li tic a l E conom y, D ecem ber, 1964; and Ando, A lb ert, and F ran co  
M odig lian i, ''V e lo c ity  and the Investm en t M u ltip lie r, " The A m erican  
E conom ic Review , Sep tem ber, 1965.
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e m p ir ic a l V. In th is  sense  V m ay  be thought of as  a m e asu re  of 
the in ten s ity  of u se  of the ex istin g  stock  of m oney. T his e m p ir ic a l V 
is  m ost c lo se ly  approx im ated  by the tra n sa c tio n  velocity  of m oney d is ­
cu ssed  above. The two o th e r a fo rem entioned  in te rp re ta tio n s  of V a re  
not the " tru e "  v e lo c itie s  in  the e m p ir ic a l sen se , fo r th e re  can be no 
m o re  than one e m p ir ic a l ve locity . T hese  a re , so to  speak , re s id u a l 
v e lo c itie s  in  the sense  th a t they  involve the  su p p ress io n  of one o r m ore 
c la s s e s  of tra n sa c tio n s . They im p ly  th a t the o v e ra ll ve lo c ity  of m oney 
can conceptually  be s e p a ra te d  in to  v e lo c itie s  with re sp e c t to  various 
dom ains of tra n sa c tio n s , such a s  fin anc ia l tra n sa c tio n s , tra n sa c tio n s  
with re sp e c t to  fina l goods and s e rv ic e s , e tc .
I t is  to  be noted th a t a ll the s ta t is t ic a l  conventions th a t a re  
involved in  the defin ition  of GNP a re  n e c e s sa r ily  involved in  the 
defin ition  of V when it i s  u sed  w ith re fe re n c e  to  GNP. F o r  exam ple, 
s e v e ra l com ponents of GNP a re  fu lly  o r  p a r tia lly  im puted  values 
which involve no actual tra n s a c tio n s , and th e re fo re  no use of m oney. 
The ex isten ce  of im puted va lu es  in  GNP tends to  give a h ig h e r e s t i ­
m ate of V than on e  would o th e rw ise  obtain. If the  im puted portion  of 
GNP w ere  a  fa ir ly  s tab le  p e rc e n t of the w hole, the  above p rob lem  
would not be of any consequence fo r  m any p u rp o ses , because  i t  is  
g e n e ra lly  changes in  V r a th e r  i ts  lev e l tha t is  of in te re s t  in  an a ly s is . 
But the im puted  portion  of GNP is  lik e ly  to  change over tim e  because
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of s tru c tu ra l  changes w ithin the econom y and a lso  b ecause  of r e ­
defin itions in troduced  in  the s ta t is t ic a l  s e r ie s .  Of co u rse  if  the  im ­
puted values constitu te  a  re la tiv e ly  sm a ll p ro p o rtio n  of the GNP then 
th e ir  v a ria tio n  due to  s tru c tu ra l  change a n d /o r  s ta t is t ic a l  redefin itio n  
w ill not a ffec t V s ign ifican tly . N ev erth e le ss  the point should not be 
igno red , b ecause  if  a d isag g reg a ted  approach  is  taken  fo r looking at 
" s e c to ra l  v e lo c itie s"  along the lin es  suggested  la te r  in  th is  ch ap te r, 
then  the afo rem en tioned  v a ria tio n s  in  the im puted  va lu es  in  GNP m ay 
sign ifican tly  affect the  re la tiv e  s e c to ra l v e lo c itie s . Thus a defin ition  
of GNP net of im puted  va lu es  is  m o re  re le v an t in  the ca lcu la tion  of 
V than the f ig u res  in  the o rig in a l fo rm .
F o rtu n a te ly  the p rob lem  of im puta tion  and changes in  the 
defin ition  of m oney i s  m uch le s s  s ev e re  than  th a t in  re la tio n  to  GNP. 
In the c a se  of the fo rm e r  once i t  i s  decided  to  u se , fo r  exam ple, de­
m and deposit plus c u rre n c y  and coins p lus a  w eighted av erag e  of 
s e v e ra l  ty p es  of " n e a r-m o n ie s"  as a  defin ition  of m oney, then re a so n ­
ab ly  a cc u ra te  tim e s e r ie s  can  be obtained fo r such a m e a su re  w ith, 
re la tiv e ly  speaking, l i t t le  e ffo rt.
The fac t tha t the  v e lo c ity  of m oney is  defined w ith re fe re n c e  
to  d ifferen t m e a s u re s  of to ta l expend itu re  in  the  econom y in d ica tes  
th a t i t  i s  not the tru e  e m p ir ic a l v e locity  of m o n ey --th e  ac tu a l num ber 
of tim e s  th a t a ty p ica l d o lla r is  u sed  fo r paym ent—which in te re s ts  
eco n o m ists , but a s tra te g ic a lly  defined concept of V. In o th e r w ords
the tau to logy  Y = M V is  a t the v e ry  o u tse t p regna ted  w ith som e 
d eg ree  of th eo riz in g ; The e lem en ts  Y and M a re  e s se n tia l ly  th eo ­
r e t ic a l  notions in  the sen se  th a t one m u s t f i r s t  re so lv e  the th e o re tic a l  
question  of p re c is e ly  w hat co n stitu te s  m oney o r incom e. But the de­
g re e  of th eo riz in g  around  th is  tau to logy  h as  not, a s  is  w ell known, 
stopped a t th is  point.
3. T h eo riz in g  around the C oncept of 
V elocity  of M oney
As d iscu ssed  in  sec tio n  4 of C h ap te r III, a l l  th eo riz in g  invo lves 
a ssu m p tio n s  of in v a ria n ce , suggesting  th a t one o r  m o re  a sp e c t of 
r e a l i ty  re m a in s  constan t o r changes p red ic tab ly . The in v a r ia n t co re  
of inpu t-ou tpu t an a ly s is  i s  th e  technology m a tr ix . T hat of the  sim ple  
K eynesian  schem e is  the  s ta b ility  of the  consum ption  function  e x p re s se d  
in  the  a lleg ed  constancy  of th e  m u ltip lie r . The notion of in v a ria n ce  in  
m o n e ta ry  th e o ry  is  e x p re s se d  in  the a lleged  constancy  (o r p re d ic t­
ab ility ) of the v e lo c ity  of m oney. By assu m in g  V in v a ria n t, the 
re la tio n  betw een  Y, M, and V is  no m o re  p u re ly  tau to log ica l; i t  
a ssu m e s  a  th e o re tic a l  c h a ra c te r ,  the h y p o thesis  p ro p o sed  being  the 
a lleged  in v a ria n ce  of V. In  fac t th is  h y p o thesis  c o n stitu te s  the  v e ry  
co re  of the  m o n e ta ry  th eo ry .
The hypo thesis  of iv a r ia n c e  of V h a s  alw ays b een  fo rm u la ted  
and te s te d  in  a  h igh ly  ag g reg a tiv e  fo rm . Such ag g regative  fo rm u la tio n
in  the  a re a  of m o n e ta ry  th e o ry  i s  w ell in  line  w ith the  p rev a ilin g  m ode 
of econom ic a n a ly s is  in  g e n e ra l. T h is  m ethodolog ical tendency  h as  
been  stud ied  fro m  s e v e ra l  ang les in  the  p reced in g  c h a p te rs . It w as 
concluded th a t d isag g reg a tiv e  fo rm u la tio n  as  a  s tra te g y  of th e o ry  
build ing is  often an unavoidable step  i f  econom ics i s  to  m ake p ro g re s s
3
as  an e m p ir ic a l sc ien ce . It i s ,  th e re fo re , d e s ira b le  to  in v estig a te  
the consequences of d isag g reg a tio n  w ith in  the th e o ry  e x p re sse d  by
Y = M V
3
To th is  date m any  c o n tro v e rs ie s  around  the  p ro p o sitio n s  of 
m o n e ta ry  th e o ry  re m a in  u n reso lv ed . The b ib liog raphy  on th e se  con­
t ro v e r s ie s  a re  too ex tensive  to  be p re se n te d  h e re . The S ep tem ber, 
1965 is s u e  of AER m entioned  in  the p reced in g  footnote re f le c te d  m uch 
of the  c e n tra l  is s u e s  involved . P a r tic ip a n ts  w e re  Ando, M odigliani,
De P ra n o , M ay er, F r ie d m a n , and M eise lm an . H ere  a re  som e of the 
m o st re c e n t w orks; C agan, P . and A. G andolfi, "M o n e ta ry  T h eo ry , 
the  Lag in  M onetary  P o lic y  a s  Im p lied  by  the  T im e P a tte rn  of M one­
ta r y  E ffec ts  on In te re s t  R a tes , " A m erican  E conom ic R eview , M ay, 
1969; F r ie d m a n , M . , "The Role of M onetary  P o licy , " A m erican  
E conom ic R eview , M arch , 1968; a lso  se e  ib id . , M ay, 1969.
B ecau se  in sp ite  of such in ten s iv e  p a rtic ip a tio n  of m any 
eco n o m ists  th e re  see m s  to  be l it t le  p ro g re s s  to w ard s  re so lv in g  the 
c o n tro v e rs ie s , a  re fo rm u la tio n  of the  th e o ry  is  ju s tif ie d . The th e o ry  
in  i ts  p re s e n t fo rm  can  no t be r ig o ro u s ly  te s te d  b ecau se  of s e v e ra l  
re a so n s . The m o st im p o rta n t p ro b lem  se e m s  to  be the lack  of p re c is e  
defin ition  fo r  M and Y. V arious e m p ir ic a l s tu d ie s  u tiliz e  d iffe ren t 
defin ition  fo r  M . The r e s u lt  is  th a t the th e o ry  can be n e ith e r  accep ted  
n o r  re fu ted . One defin ition  of m oney g ives fav o rab le  r e s u l ts  fo r  one 
p e rio d  bu t not fo r  o th e r p e r io d s . A no ther defin ition  of m oney g ives 
opposite  r e s u l ts .  In  e sse n ce  th e re  i s  no one th e o ry  bu t m any  th e o r ie s . 
T h e re  a re  a s  m any d iffe ren t th e o r ie s  as  th e re  a re  defin itions accep ted  
by  v a rio u s  people who te s t  the  th e o ry  e m p ir ic a lly .
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As i t  w ill be observed , no fina l judgm ent can be p a ssed  on the  advan­
tag e  of such a d isag g reg a tio n  on a  p r io r i  grounds. Yet the fo rm a l s e t­
up of a d isag g reg a ted  th e o ry  is  a  f i r s t  s tep  tow ards i ts  e m p ir ic a l te s t ­
ing . The ac tu a l te s tin g  of the th e o ry  co n stitu tes  a p ro je c t in  its e lf . 
O nly the th e o re tic a l a sp e c ts  of such a m odel w ill be exam ined h e re ,
4. A D isaggrega ted  M onetary  Model 
I t  w as seen  in  the p reced in g  sec tio n s  tha t Y in  the tau to logy
Y = M V can be defined in  d iffe ren t w ays. In  the following an a ly s is
Y w ill be u sed  a s  defined below
n n n
w h ere  x _  and re p re s e n t  the sam e m agnitudes as  defined p re ­
v io u sly  in  th is  ch ap te r.
T h e re  a re  s e v e ra l  re a so n s  fo r  chosing th is  m e asu re  of Y 
r a th e r  than  the  m o re  conventional one, nam ely , GNP. F i r s t ,  th is  
m e a su re  ex p lic itly  defines the  v a riab le  in  d e ta il. It is  alw ays d e s i r ­
ab le  fo r  th e  th eo ry  to  define i t s  v a r ia b le s , th e re b y  r e s tr ic t in g  the 
d eg ree  of a rb i t r a r in e s s  in  the s tage  of e m p ir ic a l v e rific a tio n . Even 
i f  th is  goal cannot be fu lly  adhered  to  in  a ll  c irc u m stan c es , i t  is  an 
o b jective  w orth  w orking fo r  to  the ex tent po ssib le  in  any spec ific  se ttin g .
Second, the d isag g reg a tio n  in  the m odel is  in troduced  along the 
lin e s  of in d u s tr ia l  c la s s if ic a tio n , s ince  m e a su re s  of g ro ss  output by 
in d u s tr ia l  s e c to rs  have a lre a d y  been  m ade availab le  fo r  s e v e ra l  y e a rs
since 1939 by the inpu t-ou tpu t s tu d ie s , and i t  is  adv isab le  to fo rm u ­
la te  the th eo ry  in  such a way th a t would m ake m axim um  use  of e x is t­
ing in fo rm ation . If a  GNP m e asu re  of Y w ere  chosen one would 
have to  obtain a  lo t of unpublished data from  the D epartm ent of C om ­
m e rc e  in  o rd e r  to  b re a k  down the GNP on the b a s is  of in d u s tr ia l 
c la s s e s . In fac t i t  is  v e ry  lik e ly  th a t a ll  of the n e c e s sa ry  in fo rm ation  
is  not availab le  even in  the  unpublished docum ents of the D epartm ent 
of C om m erce .
T h ird , the d ifference  betw een the two defin itions is  e s se n tia lly
the in te r s e c to ra l  flow s and the  u se  of m oney fo r such tra n sa c tio n s .
n n
That i s ,  the com ponent Z Z x . . of the to ta l expend itu re  is  the
i= l j= l 1]
b a s ic  d ifference  in  the  two m e a s u re s . Such in te r s e c to ra l  tra n sa c tio n s  
involve ac tu a l flow s of goods and s e rv ic e s ; indeed  th ey  a re  m e re ly  the 
fin an c ia l c o u n te rp a r ts  of such " re a l"  flow s. T hey a re  not like  p u re ly  
fin an c ia l tra n sa c tio n  w hose volum e can  change su b s ta n tia lly  w ithout 
s ig n ifican tly  and d ire c tly  affecting the m agnitude of m any econom ic 
v a ria b le s . Since the c e n tra l is su e  is  th a t of s ta b ility  of V, the in ­
c lusion  of the in te r s e c to ra l  tra n sa c tio n s  which a re  no le s s  s tab le  than 
the GNP tra n sa c tio n s  should not cause  V to  be any m o re  o r le s s  
s tab le  than  the c a se  w here  the  in te r s e c to ra l  tra n sa c tio n s  a re  le ft out.
F o u rth , the  im puted  p o rtio n s  of GNP a re  se p a ra te d  in to  a 
few s e c to rs ,  thus giving re la tiv e ly  m o re  "p u re"  data  fo r  the r e s t  of
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the s e c to rs  which do not have an im puted  com ponents in  th e ir  m ea ­
su re  of output. As a m a tte r  of fac t a s  a s tra te g y  of e m p ir ic a l te s tin g  
of the m u ltis e c to ra l m odel p re sen te d  la te r  in  th is  c h ap te r, one m ay  
p ro ceed  in  s tag e s , te s tin g  the hypo thesis  fo r the s e c to rs  w hose to ta l 
tra n sa c tio n s  m ost fu lly  involve m oney a s  defined in  the m odel, and 
then  at a la te r  stage dev ise  m ethods of e s tim atin g  the d eg ree  of v a r i ­
a tion  in  the s e c to ra l  v e lo c itie s  due to  the  ex istence  of tra n sa c tio n s  
th a t do not involve the use of m oney.
The above poin ts have p robab ly  given som e im p re ss io n  as  to 
the type of th e o ry  th a t is  to  be p re sen te d . Now the th eo ry  can be 
s ta ted  in  i ts  s im p le s t fo rm  a s  follows:
L e t the econom y c o n sis t of n s e c to rs ,  s e c to rs  being (defined 
in  the  L e o n tie f  s s e n se , ) id en tified  by  the type of p roduct they  produce . 
Then a t any m om ent of tim e  the to ta l s tock  of m oney M in  the econ­
omy is  d is trib u ted  in  a  sp ec ific  m an n er among the v a rio u s  s e c to rs . 
T h e re fo re  one can  speak  of an  av erag e  stock  of m oney fo r  each  s e c to r . 
L e t designate  the av erag e  s tock  of m oney in  s e c to r  i .  Then the 
following tau to log ies m ay  be w ritten :
(8 .2 ) Y. = M. V. (i = 1, 2, . . . , n)
w here  is  defined as  the v e lo c ity  of m oney in  s e c to r  i and Y. is  
the g ro ss  output of s e c to r  i  in c lu siv e  of in te rm e d ia te  p roduct 
d e liv e r ie s , i . e . .
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(8 .3 ) Y. = Z , X . .  + D. (i = 1, 2, . . . , n)
1 J = 1 i j  1
The th e o ry  c o n s is ts  of the p ro p o sitio n  th a t the  tau to log ies  (8. 2) 
can be w ritte n  as  a sy s te m  of equations in  w hich V^(i = 1 , 2 , .  . , ,n )  
a re  the p a ra m e te rs  and Y. and M^(i = 1 ,2 , . . . , n) constitu te  the 
endogenous v a r ia b le s . T o  say  th a t is  a p a ra m e te r  is  to  say  tha t 
i t  m u st be sp ec ifiab le  s ta t is t ic a lly  on the b a s is  of p a s t data, o r  
c u r re n t  c ro s s - s e c t io n  s tu d ie s , a ssu m in g  th a t such a technique can be 
m eaningfu lly  applied  in  th is  con tex t, o r  by  som e o th e r m ethod.
In o rd e r  to  m ake the th e o ry  com plete  and re a d y  fo r  v e rific a tio n  
(or re fu ta tio n ) th rough  confron ta tion  w ith da ta  i t  i s  n e c e s sa ry  to  define 
the  v a r ia b le s . Y^ h as  been defined above. is  defined in  two a l te r ­
native w ays;
(1) c u r re n c y  and co ins p lus dem and d eposits; and
(2) c u rre n c y  and co ins p lus dem and dep o sits  plus a 
w eighted av erag e  of s e v e ra l  c la s s e s  o r  n e a r  m onies.
In  the second case  th e  question  of how f a r  one should p ro ceed  along the  
liq u id ity  sca le  and w hat w eigh ts should be ass ig n ed  to  each  type of n e a r  
m oney d e se rv e s  to  be stud ied  s e p a ra te ly  and in  g re a t  d e ta ils . Thus 
only the f i r s t  a lte rn a tiv e  is  re a d y  to  be u sed  in  the  e m p ir ic a l te s tin g  
of the th eo ry . The second needs fu r th e r  e lab o ra tio n  and spec ifica tio n . 
I t  should be tre a te d  not a s  a new th e o ry  but r a th e r  as  a  suggestion  fo r
the d irec tio n  of fu r th e r  in v estig a tio n . Such an in v estig a tio n  sh a ll not 
be pursued  h e re .
Taking the f i r s t  defin ition  of m oney, the th eo ry  is  com plete:
I ts  p a ra m e te rs  and v a r ia b le s  a re  d istingu ished  and the v a ria b le s  a re  
I.
I t m ay be in s tru c tiv e  to  c o n tra s t  th is  th eo ry  w ith the  a g g re ­
gative th e o ry  e x p re sse d  by
(8 .4 ) Y = M V
In (8 .4 ) Y w ill be in te rp re te d  a s  g ro s s  output of the econom y in the 
m an n er sp ec ified  in  (8. 1). T h is , as a lre a d y  o b serv ed , is  not lik e ly  
to  affect the s ta b ility  of V and does not, th e re fo re , change the funda­
m en ta l p ro p o sitio n  of the  m o n e ta ry  th e o ry  re g a rd in g  v e lo c ity  of m oney. 
A ggregating  the  s e c to ra l  re la tio n s  Y  ^ = M. re s u l ts  in
(8 .5 ) .Z Y. = .5  M. V.
1=1 1 1=1  1 1
(8 .6 ) o r .Z, Y. = Y = . £  M. V.
1=1  1 1 = 1  1 1
Since Y = M V, it  follow s th a t
(8. 7) M V = .Z, -M. V.
1=1  1 1
n
(8 .8 ) w here M = Z M
i= l i
by defin ition . It fo llow s fro m  (8. 7) th a t
w hich, in the "open fo rm , " re a d s  as
M M M
,8 .1 0 ) V = + .  . . + 3 ^
E quation  (8. 10) s ta te s  th a t the v e lo c ity  of m oney in  the econom y a s  a 
whole i s  a  w eighted  av erag e  of the s e c to ra l  v e lo c itie s , the w eights 
being the  re la tiv e  av e rag e  stock  of m oney in  each  s e c to r .
In o rd e r  to  evalua te  the sign ificance  of th is  th eo ry  assum e 
th a t Vj a re  s ta b le . Some of the consequences of th is  assum ption  a re  
s tud ied  in  the nex t sec tio n .
5. S ignificance of the  D isagg rega tive  
M o n eta ry  M odel
O b serv e  th a t w ith co n stan t V. (i = 1, 2, . . . , n) in (8.10) 
V is  a  function of (n-1) re la tiv e  s to ck s  of m oney in  the va rio u s  
s e c to r s .  T h e re  a re  only (n-1) independent ra tio s  because
(8 .11) Mj -  M - Mj (j = 1, 2. . . . , n)
Thus V is  a m apping fro m  (n -1 )-sp ace  in to  1 -space . In g en era l V
^ 1
ta k es  d iffe ren t v a lu es  a s  change. In sp ec ific  te rm s , as m oney
flow s fro m  one s e c to r  of the econom y in to  an o ther s e c to r , hence
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changing the ex isting  p a tte rn  of re la tiv e  s e c to ra l m oney s to ck s, the 
o v e ra ll ve locity  of c irc u la tio n  of m oney in  the econom y changes, even 
though the se c to ra l v e lo c itie s  a re  assum ed  constan t. F o r  exam ple, if  
the s tocks of m oney in one o r m o re  re la tiv e ly  h ig h -v e lo c ity  s e c to rs  
in c re a se  a t the expense of one o r  m o re  re la tiv e ly  low -velocity  s e c to rs , 
then the o v e ra ll ve locity  of m oney w ill in c re a s e . T h e re fo re , a s su m ­
ing the e m p iric a l constancy  of V^, one p o ssib le  explanation fo r the 
observed  v a ria b ility  of the v e lo c ity  of m oney in  the econom y as a 
whole is  the change in  the  re la tiv e  s tocks of m oney th a t the v a rio u s  
s e c to rs  hold.
In th is  w ay the th e o ry  could lead  to  w hat m ay be te rm e d  a 
s tru c tu ra l  approach  to m o n e ta ry  policy . T h is  type of policy  would in ­
duce a t tim es  of re c e s s io n  a flow of m o n e ta ry  s tocks fro m  re la tiv e ly  
low velocity  to  re la tiv e ly  high ve lo city  s e c to rs ,  th e reb y  pushing V, 
and w ith it  Y = M V, upw ard , getting  an output and em ploym ent effect 
p rovided tha t the  ex istin g  id le  re s o u rc e s  a re  w illing  to  be em ployed at 
the ex isting  ra te  of re w ard . One w ay to  induce such a p redesigned  
in te rs e c to ra l  flow of funds would be to  m anipu late  the in te re s t  ra te  
sec to ra lly .
Such a policy  would of co u rse  be c o n tro v e rs ia l because  i t  
involves help ing  som e s e c to r s  a t the  expense of o th e r s e c to rs , r e s u l t ­
ing in  a net gain  fo r the so c ie ty  as a w hole, w hile hu rtin g  som e s e c to rs , 
a t le a s t  in  the sh o rt run .
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In the lo n g -ru n  the m u ltip lie r  effect w ill take over and the 
in c re a s e  in  output and em ploym ent w ill sp read  throughout the econom y. 
The d isag g reg a tiv e  m u ltip lie r  an a ly s is  of C h ap ter Vll showed sp ec if i­
ca lly  how th is  p ro c e ss  can occu r.
The d isagg rega tive  fo rm u la tio n  p re sen te d  above helps clarify ’- 
one point about the m o n e ta ry  policy: not only the am ount but a lso  the 
d is trib u tio n  of an in c re a se  in  the supply  of m oney is  to be co n sid ered  
in  a ra tio n a l m o n e ta ry  policy . It m ay  be a rgued  tha t m oney w ill 
so o n er o r la te r  go w here i t  should go and th a t the channels through 
which a given in c re a s e  in  the m oney supply is  in troduced  a re  of no 
e s se n tia l consequence. T h is  view of th ings ig n o res  the fac t tha t tim e 
i s  alw ays a t the  v e ry  c en te r  of econom ic ca lcu la tio n s  and th a t any 
reduction  in  the  lag  betw een a po licy  ac t and i ts  effect is  of e x tra ­
o rd in a ry  value in  the  ap p licab ility  of policy  a im ed at avoiding un­
n e c e s sa ry  econom ic in s ta b ility . In an u n c e r ta in  w orld  reducing  the 
dura tion  betw een two re la te d  even ts am ounts to  reducing  the d eg ree  of 
u n c e rta in ty  in the re la tio n sh ip  involved. Such p o ssib le  reductions is  
u n c e rta in ty  would im m en se ly  help  the p ro g re s s  in  applied econom ics.
In an in fla tio n a ry  econom y, along w ith o ther m e a su re s , i t  
m ay  be decided  to change the re la tiv e  stocks of m oney in  va rio u s  
se c to rs  in  favo r of re la tiv e ly  low ve lo c ity  s e c to r s .  Suppose th a t as  an 
a lte rn a tiv e  policy  the s to ck s of m oney in  the econom y a s  a whole a re
m ade to  go down. R eg a rd le s s  of the lo n g -ru n  e ffec t, the im p ac t of 
the  fo rm e r  po licy  would be m o re  im m ed ia te  p rov ided  tha t in  addition 
to  changing the re la tiv e  s to ck s  in  each  s e c to r  the lev e l of m oney stocks 
in  the econom y a s  a w hole is  reduced .
T his type of s t ru c tu ra l  approach  to  m o n e ta ry  policy  has its  
co u n te rp a rt in  f is c a l  po licy . At le a s t  a s  fa r  a s  the ex p en d itu res  side 
of the f is c a l po licy  is  co n cern ed , i t  i s  n e c e s s a r i ly  se le c tiv e , though its  
se le c tiv ity  often la ck s  a  fo rm a l an a ly tica l fram ew o rk  and is  not alw ays 
guided by the goals of s tab iliza tio n , fu ll em ploym ent, and o th er m a cro - 
econom ic o b jec tiv es . O ften p o litic a l co n sid e ra tio n s  overcom e the 
econom ic ones.
L ikew ise in  the  a re a  of m o n e ta ry  policy  the m o n e ta ry  a u th o ritie s  
have a c c e ss  to se le c tiv e  c re d it  c o n tro l in s tru m e n ts . But again  th is  
s e le c tiv ity  la ck s  a th e o re tic a l  foundation and i s  often guided by ad hoc 
m e a su re s . The sig n ifican ce  of the above d isag g reg a tiv e  m odel is  th a t, 
in  addition to  po in ts m entioned  e a r l ie r ,  i t  tak es  a  s tep  tow ards develop­
ing a th e o re tic a l foundation fo r a  s tru c tu ra l  approach  to  m o n e ta ry  p o licy . 
F u r th e r ,  i t  opens up a  new th e o re tic a l avenue lead ing  to  a ll s o r ts  of 
in te re s tin g  h y p o th eses . T h is line  of thought sh a ll not be pursued  f u r ­
th e r  h e re . In s tead  som e d ire c tio n s  fo r  w idening the scope of the th eo ry  
w ill be exam ined .
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6 . W idening the Scope of the T heory
Any th e o ry  is  of n e c e s s ity  concerned  with explaining som e 
a sp e c ts  of re a li ty  w hile tre a tin g  o th e r a sp e c ts  of re a li ty  as given. The 
ex p lan a to ry  scope of a th e o ry  m ay  be w idened but i t  can  n ev er be so 
w ide as exhausting  the whole of re a l i ty  in  i ts  in fin ite -d im en sio n a l co m ­
plex ity . One p o ssib le  sy s te m a tic  m ethod of w idening the scope of a 
th e o ry  is  to  "explain" one o r m o re  of i ts  p a ra m e te rs  in  te rm s  of new ly 
in tro d u ced  independent v a r ia b le s  and p a ra m e te rs ,  th e reb y  converting  
the o rig in a l p a ra m e te rs  in to  new re la tio n s  em bedded in  the th eo ry .
F o r  exam ple suppose the following hypo thesis  is  advances fo r  
explain ing  ;
(8 . 1 2 ) ^ i  " "^ i ®i '^i ^i "^ i (i = 1  , 2 , . . . , n)
w here  V. d esig n a te s  v e lo c ity  of m oney, S. to ta l s a le s  of goods i
4
d uring  the p e rio d , and d  ^ an index of d u ra b ility  of goods i. ,8 ^,
and 7  ^ a re  the p a ra m e te rs  of the th eo ry , re fle c tin g  the deg ree  of in ­
fluence of Sj,, d^, and "a ll o th e r"  fa c to rs  on V^, re sp ec tiv e ly .
E quation  (8 .1 2 ) s ta te s  th a t the  v e lo c ity  of c irc u la tio n  of
^W hether such a hy p o th esis  m akes any sen se  i s  not the is su e  
a t th is  point. T h is question  w ill be exam ined la te r .
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m oney in  s e c to r  i depends on the le v e l of s to ck s  of goods i ,  the
d u ra b ility  of such  goods, and a  s e t of o th e r fa c to rs  not specified .
F u r th e r  the re la tio n sh ip  betw een V ., S ., and d. a re  l in e a r  and
1 1 1
add itive .
Now re a ltio n  (8 . 12) m a y b e  su b stitu ted  fo r in  =M^V^
r e f e r r e d  to  above:
(8 .13) Y. = M. (ff. S. + /3. d. + y .), (i = 1, 2, . . . ,n )
T h is is  e s s e n tia l ly  the  sam e th e o ry  as  Y. = except tha t
i t  h as  an  "exp lana tion" fo r  p o ssib le  v a r ia tio n s  in  V^.
Now tu rn in g  to  the p la u s ib ility  of the h y p o thesis  (8 ,1 2 ), the 
au th o r b e lie v es  th a t the d u ra b ility  of goods is  p robab ly  an im p o rtan t 
d e te rm in a n t of the v e lo c ity  of m oney in  a s e c to r .  F o r exam ple the 
v e lo c ity  of m oney in  g ro c e ry  s to re s  as  m e a su re d  by  the ra tio  of to ta l 
s a le s  to  th e ir  av e rag e  m o n e ta ry  b a lan ces  i s  p robab ly  m uch lo w er than 
th a t of, say , c o n s tru c tio n  f i r m s . But th e re  i s ,  of c o u rse , no w ay to 
e s ta b lish  th is  p ro p o s itio n  a p r i o r i . As fo r  the  o th e r v a r ia b le s , 
n am ely , the s a le s  volum e of each  s e c to r , i t  m ay  be a rgued  th a t a t 
h ig h e r le v e ls  of s a le s  the  f irm s  in  the s e c to r  tend  to  hold le s s  id le  
b a la n c e s , ac tiv a tin g  th e ir  m oney in  the  fo rm  of addition to  inven to ry , 
o r  ex p en d itu re  on p re p a r in g  the s tan d -b y  producing  capac ity  fo r  use  in  
m eetin g  new peaks in  s a le s .  T h e re  is  l i t t le  ju s tif ic a tio n  to  m o re
e lab o ra tio n  on th e se  poin ts p r io r  to  the ac tu a l e m p ir ic a l te s tin g  of the 
th eo ry .
It i s  convenient to  su m m arize  the s ta tem en t of the th eo ry  
b efo re  exam ining i ts  m eaning in  m o re  specific  te rm s . L et S. m e a ­
su re  the g ro s s  s a le s  (in the L eo n tie f 's  sense) of s e c to r  i. Then 
- S. and (8 . 13) would read  as follows;
(8 . 14) Y. = M. (ff. Y. + j3. d. + 7 .), (i = 1, 2, . . . , n)
which m ay be re w ritte n  as
M (/3 d + 7  )
(8 .15) Y =           —  , {i = 1,  2,  . . . , n l
1 - O'. M.
1 1
A ssum e th a t or^ , > 0 . Then the p a r tia l  d e riv a tiv e s  and 
th e ir  s igns a re  as  follows:
9Y. (/3. d. + 7 .) (1 - Of. M. ) + or. M. (/3. d. + ^.)
^  " (1 -  M ,) ’^
% d, + 7i>
(8 . 1 6 ) = - J —:  —  > 0
(1- O'. M .)^
and
BY. M. d. ( 1  - M.)
(8 .17) =--- i - i --------- ^  < 0
i (1 -  a. M.)
4 J 0
since  m ay p lau sib ly  be assum ed  positive .
Equation  (8.16) s ta te s  tha t as  the stock of m oney in  s e c to r  i 
changes the output of the  s e c to r  tends to  change in  the sam e d irec tio n . 
Equation (8 . 17) s ta te s  th a t fo r  a given s tock  of m oney the h ig h e r the 
d u rab ility  of goods the low er the level of output in  th a t s e c to r . Since 
d u rab ility  of goods w ithin a  s e c to r  a re  not sub jec t to  m anipu lation , th is  
v a riab le  is  not a  v e ry  in te re s tin g  v a ria b le . Thus i t  m ay be rep laced  
by som e o th e r v a ria b le  such as  the ra te  of in te re s t .  The fo rm a l te ch ­
nique ju s t d e sc rib e d  is  ex ac tly  rep ea tab le  w ith re g a rd  to a  new se t of 
ex p lan a to ry  v a r ia b le s . A fte r the f i r s t  "s im p le  th e o ry " re g a rd in g  the 
in v a rian ce  of is  e m p ir ic a lly  te s te d , then the ex p lan a to ry  scope of 
the th e o ry  m ay  be expanded along lin e s  s im ila r  to  th ose  outlined above 
w ith p e rh ap s h a lf  a dozen ex p lan a to ry  v a ria b le s  in troduced . W ith the 
above fo rm a l an a ly tica l fram ew o rk  ava ilab le , i t  is  v e ry  e a sy  to get 
c a r r ie d  aw ay w ith p u re ly  th e o re tic a l reaso n in g  b ased  on "p lausib le  
a ssu m p tio n s"  and reg a rd in g  th is  as valuable  in  i ts e lf .  H ow ever, the 
p ro p e r approach  is  the sy stem a tic  e m p ir ic a l te s tin g s  of the v a rio u s  
th e o r ie s . Only in  th is  w ay can objective knowledge about re a l i ty  be 
obtained. P u re  th eo ry , no m a tte r  how p lau sib le  i ts  a ssu m p tio n s , r e ­
m ains a  sub jec tive  c o n s tru c t u n til such tim e  as  i t  is  v e rif ie d  through 
d ire c t o r  in d ire c t confron ta tion  w ith fa c ts .
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7. Some P ro b le m s  R egard ing  the E m p iric a l 
T es tin g  of the  T heory
Only the "s im p le"  m u ltis e c to ra l  m o n e ta ry  m odel p re se n te d  
above is  exam ined in  th is  sec tio n . T h is  th eo ry  s ta te s  tha t in
Y. = M. V. a re  in v a ria n t.
1 1 1
Two a sp ec ts  of the p ro b lem  of e m p ir ic a l te s tin g  of the above 
th e o ry  a re  of in te re s t .  F i r s t ,  the  question  of o p era tio n a l defin ition  
of the v a r ia b le s . Second, the  a v a ilab ility  of the data . The f i r s t  
question  w as d iscu ssed  in  sec tio n  4. I t m ay  be added th a t the  p a r t ic u la r  
c la s s if ic a tio n  of in d u s tr ie s  and i ts  d eg ree  of fineness m ay  be c ru c ia l  
to  the  te s t .  Since th e  th e o ry  invo lves a  " lo o k -an d -see"  type of hypo­
th e s is  i t  m ay  be adv isab le  to  te s t  i t  fo r  s e v e ra l  d eg rees  of agg reg a tio n  
in  the c la s s if ic a tio n  of da ta . It m ay  be the case  tha t a c la s s if ic a tio n  of 
d a ta  on o th e r b a se s  than  the in d u s tr ia l  s e c to rs  lead s  to  m o re  fav o rab le  
r e s u l ts .  But th is  would am ount to  the fo rm u la tion  of a new th eo ry .
Thus c la s s if ic a tio n  and agg reg a tio n  a re  im p o rtan t a sp e c ts  of the em ­
p ir ic a l  te s tin g  of the th e o ry . The p r in c ip le s  underly ing  the c la s s if i ­
ca tion  u sed  and the d eg ree  of fin en ess  of th is  c la ss if ic a tio n  (o r a g g re ­
gation  w ith in  the m odel) can p lay  a de term in in g  ro le  in  the v e rif ic a tio n  
of the  th eo ry .
The second im p o rtan t question  re la te d  to the e m p ir ic a l te s tin g  
of the  th e o ry  is  th a t of the a v a ilab ility  of da ta . It has  a lre ad y  been
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poin ted  out th a t one of the re a so n s  fo r p ro ceed in g  to d isag g reg a te  
along the  inpu t-ou tpu t lin e s  of c la s s if ic a tio n  w as th a t th is  would enable 
the th e o ry  to  m ake use of the  a lre a d y  ex isting  d isag g reg a tiv e  da ta  of 
s e c to ra l  g ro s s  outputs. As fo r the d a ta  in  re la tio n  to M ., th ose  
p o rtio n s  of a s e c to r 's  av erag e  m o n e ta ry  s to ck s  th a t a re  re la te d  to 
the a c tiv itie s  of the f irm s  in  th a t s e c to r  can be obtained a t a re a so n ­
able co st. The f ig u res  fo r c o n su m e rs ' tra n sa c tio n s  in  each s e c to r  
w ill p robab ly  have to be  e s tim a te d  to  the te s tin g  of the th eo ry . It is  
convenient th a t, as  a r e s e a rc h  e ffo rt, i t  can  p ro ceed  in  se p a ra te  s tep s . 
A p ilo t p ro g ra m  involving no m o re  than  h a lf a dozen s e c to rs  m ay be 
u sed  in  o rd e r  to  see  w h e th e r the h y p o thesis  is  w orth  b o th erin g  w ith.
In case  fav o rab le  r e s u l ts  a re  obtained  then  a num b er of s e c to rs  a re  
exam ined , the d eg ree  of ex h au s tiv en ess  of the study being lim ited  only 
by  the av a ilab ility  of r e s e a rc h  funds.
CHAPTER IX 
SUMMARY AND CONCLUSIONS
T his study m ay  be d e sc r ib e d  as containing the d is tin c t but 
in te r re la te d  p a r ts .  C h ap te rs  I, II, and III, constitu ting  P a r t  I, deal 
w ith  m ethodology in  econom ics. C h ap te rs  IV, V, VI, and VII com ­
p r is e  P a r t  II, w hich d ea ls  w ith an a ly s is  in  econom ics ag ain st the b ack ­
g round  of the m a te r ia l  in tro d u ced  in  P a r t  I. P a r t  III co n s is ts  of 
C h ap te r  VIII w hich p ro v id es  an in s tan ce  of applying the m ethodological 
and a n a ly tica l p r in c ip le s  developed in  P a r ts  I and II in a p a r tic u la r  
f ie ld  of e co m ics , nam ely , m o n e ta ry  th eo ry .
P a r t  I a ttem p ts  to (1) p rov ide  a synoptic view of the g en eric  
fe a tu re s  of the m ethod of e m p ir ic a l  sc ie n c es  (C hapter II) in  o rd e r  to 
(2) evalua te  econom ics as an e m p ir ic a l sc ience  (C hapter III) by m eans 
of co m p arin g  the m ethodo log ical c h a ra c te r is t ic s  of econom ics w ith 
th o se  of o th e r e m p ir ic a l  s c ie n c e s . The assum ption  underly ing  the 
a n a ly s is  in  th is  p a r t  i s  th a t, although each  e m p ir ic a l sc ience  p o s se s ­
s e s  a  s e t  of sp ec ific  ap p ro ach es  to  the un d ers tan d in g  of objective 
phenom ena, th is  s e t of ap p ro ach es  is  c h a ra c te r iz e d  by c e r ta in  g en eric
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fe a tu re s  w hich a re  p re se n t in  o ther se ts  of ap p roaches sp ec ific  to  
o th e r e m p iric a l sc ie n c es . T hat is ,  a t an ap p ro p ria te  lev e l of a b s tra c ­
tion , it  is  p ossib le  to com pare  c e r ta in  a sp ec ts  of the m ethodology of 
e m p ir ic a l s c ie n c e s . Such a lev e l of a b s trac tio n  would n e c e s sa r i ly  
su p p re ss  the p a r tic u la r i t ie s  of th ese  sc ien ces  in  o rd e r  to  focus on 
th e ir  com m on e lem en ts . T h is lead s  to ep istom olog ica l co n sid e ra tio n s .
E pistom ology, o r  th eo ry  of knowledge, d ea ls , am ong o ther 
th in g s , with the in te rdependence  betw een fac t and th e o ry  in  re la tio n  to  
sc ien tific  w ork . The ph ilosophical c ry s ta lliz a tio n  of th is  in te r ­
dependence is  m an ifested  in  the in te rp la y  of two opposing tendenc ies 
am ong ph ilo so p h ers  and sc ie n tis ts :  ob jectiv ism  v e rsu s  su b jec tiv ism . 
T hat is  why i t  w as n e c e s sa ry  to  em bed the p rob lem  in to  a ph ilosophical 
fram ew ork  in  C h ap ter II. H ow ever, in  o rd e r  to  keep  the d iscu ssio n  
fa ir ly  co n c re te , two d iffe ren t e m p ir ic a l sc ien ces  w ere  se le c ted  to  
se rv e  as  spec ific  in s ta n ce s  of the p ro c e ss  of gen era tio n  of sc ien tific  
knowledge. T hese  a re  b iology and psychology. R efe ren ces  a re  f r e ­
quently  m ade to  o ther sc ien ces  such as c h e m is try  and p hysics  as  w ell.
C lass ifica tio n  in  biology w as stud ied  in  i ts  h is to r ic a l  develop­
m en t. It w as found th a t, developm ent in  th e o re tic a l biology and in 
p a r tic u la r , the  r is e  of ev o lu tionary  th e o rie s  of D arw in and h is  fo llow ers 
could not have taken  p lace w ithout a c e r ta in  degree  of p ro g re s s  on the
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e m p iric a l fro n t. The c la s s if ic a to ry  schem es of L innaeus w ere  a 
p recond ition  fo r the  r i s e  of evolu tionism , although the la t te r  provided 
a m o re  co n sis ten t and u n iv e rsa l b a s is  fo r taxonom ic w ork  in  biology 
than tha t prov ided  by the fo rm e r . L in n aeu s 's  in s is ten c e  on the con­
stan cy  and ob jectiv ity  of sp ec ie s  helped  to  tie  biology, so to  speak , 
"c lo se  to  ground, " give i t  a profoundly inc lusive  facbaal b a se . The 
p re c ise  way in  w hich th is  fac tual taxonom ic w ork helped biology to 
m ake p ro g re s s  is  exp lored  in  C h ap te r II. P ro g re s s  in  biology 
ex em plifies  the triu m p h  of ob jec tiv ism  over su b jec tiv ism  in  sc ien ce .
In psychology the influence of F reu d  has  given im petus to  
su b jec tiv is tic  tendencied , lead ing  to  ”an a ly s is"b ased  on a rb i t r a r y  
assum ptions and p reco n cep tio n s . Taxonom ic w orks in  th is  fie ld  have 
as  yet produce li t t le  p ra c tic a lly  u sefu l re s u lts .  One of the objectiv- 
is t ic  tendencies  in  psychology is  the Pavlovian  approach  w hich a t­
tem p ts  to  re la te  behav io r to  the physiology of the h ig h e r nervous 
sy s tem , the c e re b ra l  co rte x . Fundam ental in  th is  re la tio n sh ip  is  the 
th eo ry  of conditi. ned (and unconditioned) re fle x e s . The m ethod of the 
Pav lov ian  school is  o b serv a tio n a l and ex p erim en ta l. The ob jectiv ity  
of th is  m ethod stands in  sh a rp  c o n tra s t to  the  su b jec tiv ity  of the 
F reu d ian  school. The fo rm e r  is  c h a ra c te r iz e d  by accum ulative  p ro ­
c e s s  of grow th s im ila r  to  th a t of o th e r e m p ir ic a l s c ie n c es . Not so 
w ith the la t te r .
The p e rp e tu a l in te rp la y  betw een fac ts  and th e o rie s  tha t is
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c h a i 'a c te r is tic  of e m p ir ic a l sc ien ces  can be sch e m a tic a lly  d e sc rib ed  
in  te rm s  of th re e  in te rd ep en d en t inv estig a tiv e  p ro c e s s e s ,  nam ely , 
induction , deduction, and reduction . C la ss if ic a tio n  is  e s se n tia l  in  a ll 
th re e  of th e s e  p ro c e s s e s . In induction fac ts  a re  "o rd e re d "  with r e ­
g a rd  to one o r m o re  c h a ra c te r is t ic .  In deduction log ica l opera tio n s  
a re  applied to  " c a te g o r ie s ."  C a teg o rie s  a re  a c tu a lly  "em pty  boxes" 
to  be filled  by a p p ro p ria te  data  when the given th e o ry  is  to  be e m p ir i­
ca lly  te s te d . Thus in  deduction th e o re tic a l c la s s if ic a tio n  o c cu rs . In 
red u c tio n  th e o r ie s  a re  confronted  w ith fa c ts . H ere  the p rob lem  of 
es tab lish in g  co rre sp o n d en ce  ru le s  betw een th e o re tic a l c a te g o rie s  and 
c la s s e s  of data  a r i s e s .  If  such co rre sp o n d en ce  is  not a tta in ab le , then  
e i th e r  th e o re tic a l, o r  e m p ir ic a l, o r both c la s s if ic a to ry  sch em es a re  
to  be re v is e d . The in te r re la tio n s  betw een th e se  v a rio u s  a sp ec ts  of the 
sc ien tif ic  m ethod is  syn o p tica lly  rev iew ed  a t the  end of C h ap ter II. It 
i s  concluded th a t a ll  e m p ir ic a l sc ie n c es  need a  m ethod which hinges 
on the p e rp e tu a l in te ra c tio n  betw een th e o re tic a l fo rm u la tio n  and 
e m p ir ic a l da ta . W ithout th is  a  given sc ience  m ay  develop in to  a 
p o sitio n  w here  i t s  th e o r ie s  a re  se lf  standing  lo g ica l c o n s tru c ts , not 
re fu tab le  becau se  they  cannot be te s te d , and not u sefu l becau se  they  
have s e v e re d  t ie s  w ith  the  e m p ir ic a l phenom ena th ey  o rig in a lly  se t 
out to  exp lain .
C h ap ter III shows th a t econom ics see m s to  have fa llen  into
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such a path . Though m any re m a rk a b le  advances have been  m ade in 
the sc ie n c e , the p o p u la rized  m ethods of build ing an " id ea l"  m odel, the 
su b jec tiv is t ten d encies  th a t t r y  to  reduce  the sc ience  to  a b ran ch  of 
p rax io logy , and re fle c tio n s  of th ese  fundam ental m ethodological 
ap p ro ach es  a t the lev e l of a n a ly s is  of sp ec ific  econom ic p ro b lem s, a ll 
th ese  have had a s ig n ifican t ro le  in  p rev en ting  the d isc ip lin e  fro m  
m aking a m o re  rap id  cum ulative  p ro g re s s .
One m an ife sta tio n  of the sep a ra tio n  of th e o re tic a l and e m p ir ic a l 
w orks in  econom ics is  the  tendency  of the th e o re tic ia n  to  fo rm u la te  
th e o r ie s  in  te rm s  of few agg reg a tiv e  v a r ia b le s . T hese  ag g reg a tes  a re  
often th e m se lv e s  th e o re tic a l  e n titie s  and th e ir  sp ec ifica tio n  needs 
se p a ra te  th e o r ie s . No th e o ry  is  sp ec ified  u n til i ts  v a ria b le s  and 
p a ra m e te rs  a re  w e ll sp ec ified . The ag g regative  m odels often fa il to  
conform  to  th is  s ta n d a rd , w ith the consequence th a t the th e o ry  a t b e s t 
re m a in s  vague and open to  m any  in te rp re ta tio n s , thus co nstitu ting  not 
a th e o ry  but a  c la s s  of th e o r ie s ,  and a t w o rs t i t  is  s im p ly  u s e le s s .
A second m an ife s ta tio n  of the  afo rem en tioned  phenom enon is  
the r i s e  and dom inance of p a r t ia l  eq u ilib riu m  m e th o d --a n  approach  
w hich is  in h e re n tly  not conducive to  e m p ir ic a l in v estig a tio n  except in  
lim ited  c a s e s .
The notion of in v a ria n ce  i s  in tro d u ced  in  C h ap ter III. I t  i s  
o b serv ed  th a t in v a rian ce  co n stitu te s  the g en e ric  fea tu re  of a ll types of 
" o rd e r"  in  n a tu re . S cien tific  th e o rie s  can  have e m p ir ic a l re lev an ce
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only if  th ey  involve in v a r ia n t e lem en ts . The W alra s ia n  g en e ra l 
eq u ilib riu m  sy s te m  cannot be im p lem en ted  e m p ir ic a lly  not, as  is  
often o b se rv ed , b ecau se  the num ber of equations to  be so lved  is  too 
la rg e , but b ecause  i t  fo cu ses  on, g e n e ra lly  speaking , the highly 
vo la tile  (and th e re fo re  not observ ab le ) re la tio n s  of supply  and dem and. 
By w ay of c o n tra s t,  th e  l in e a r  p ro g ram m in g , the von N eum ann, and 
the L eo n tie f m odels  a r e  a ll  e m p ir ic a lly  s ig n ifican t th e o re tic a l con­
s tru c ts  b ecau se  the c e n tr a l  concept of th ese  m odels , nam ely , 
"ac tiv ity "  is  a w ell defined  and o b servab le  en tity . F u r th e r  the sub­
s ta n tia l in e r t ia  of the tech n o lo g ica l p ro c e ss  is  a b a s is  fo r  building an 
e m p ir ic a l analogue fo r  the " s tru c tu re "  of the econom y, L eon tief has 
su cceeded  in  m aking a s ta r t  in  th is  d irec tio n .
A ll th re e  of the  m odels ju s t m entioned  a re  c h a ra c te r iz e d  by 
d isag g reg a tiv e  fo rm u la tio n s  in  which the c a te g o rie s  (the v a ria b le s )  
a re  not th e o re tic a l  e n titie s  w hich need fu r th e r  sp ec ifica tio n  and sep a ­
ra te  th e o r ie s  bu t ones w hich a re  com pletely  defined w ith in  the m odel. 
Thus a r b i t r a r in e s s  is  done aw ay with to  a g re a t ex ten t. F u r th e r ,  the 
d isag g reg a tiv e  fo rm u la tio n  allow s the m odel to  have room  fo r the 
d iffe ren ces  th a t a re  eco n o m ica lly  s ig n ifican t and a re  ac tu a lly  ob­
se rv ed . In  g e n e ra l, the  la r g e r  the num ber of independent v a r ia b le s  
in  a m odel the g re a te r  the e a se  w ith which the m odel can  be m ade to 
re p lic a te  the econom ic re a lity . Of co u rse  i t  is  not only the num ber 
of v a r ia b le s  bu t a lso  the n a tu re  of re la tio n sh ip s  hypothesized  by the
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m odel tha t d e te rm in es  how c lo se ly  it d e sc rib e s  re a l phenom ena. 
D isaggregative  fo rm u la tio n  is  an exp lic it recognition  of the e m p iric a l 
d ifferen tia tion  tha t is  observed  in  the econom ic sy stem . The m ore  
aggregative  the m odel the m o re  d is tan t i ts  c a teg o rie s  from  im m e­
d ia te ly  observed  phenom ena.
P a r t  II h as  two d is tin c t ob jec tiv es . One is  to  b rin g  to g e th e r 
w ithin a uniform  fram ew o rk  id e a s - - s c a t te r e d  in  the l i te r a tu r e - - in  
re la tio n  to v a rio u s  a sp e c ts  of the c la ss ific a tio n  and aggregation  
p ro b lem  w ithin  the L eon tief s ta tic  m odel. The second objective is  to  
give an aly tica l substance  to  the m ethodological is su e s  ra is e d  in  
P a r t  1.
C hap ter VI d ea ls  w ith the f i r s t  ob jective. It s tu d ies  the 
p rob lem  of c la ss if ic a tio n  and aggregation  a t f i r s t  in  a p u re ly  fo rm al 
way and then e m p ir ic a lly , in  re la tio n  to  the n a tu ra l and technolog ical 
conditions of p roduction . Some p rob lem s of s ta t is t ic a l  im plem enta tion  
of inpu t-ou tpu t tab le s  a re  a lso  stud ied  h e re .
The second objective is  coped w ith in  C h ap ters  IV, V, and
VII.
C hap ter IV co n cen tra te s  on so c ia l accounting a sp ec ts  of two 
th e o re tic a l m odels , nam ely , the K eynesian  and the inpu t-ou tpu t 
m odels . The fundam ental id e n titie s  of each a re  in troduced . The two 
accounting fram ew o rk  a re  em bedded in to  a m ore  in c lu siv e  fram e  which
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g e n e ra te s  the fo rm e r  two as i ts  sp ec ia l c a se s . T h is p rov ides a 
b a s is  fo r  com paring  the two th e o rie s  in  C hap ter V.
C h ap ter V p ro v id es  a  sketch  of the "com plete  K eynesian" 
m odel and a lso  of the th e o ry  of inpu t-ou tpu t an a ly s is . P a r t ic u la r  
a tten tion  is  g iven to  the  tre a tm e n t of the p roduction  function in  the 
two m odels. The K eynesian m odel ag g reg a tes  a ll the production 
s e c to rs  of the econom y into one. Not so w ith the L eontief m odel.
The la t te r  p o s se s s e s  an n - s e c to r  production  function. The L eontief 
p roduction  function is  c o n tra s te d  w ith the C obb-D ouglas function, the 
la t te r  re p re se n tin g  one of the m o st popu lar m ath em atica l sp ec ifi­
catio n s  of the  K eynesian production  function. It is  shown tha t con­
s tan cy  of p roduction  co effic ien ts  w hich is  based  on the assum ption  of 
te ch n ica l n o n su b stitu tab ility  of inpu ts in  the L eontief m odel, is  the 
r e s u l t  of optim izing  beh av io r of e n tre p re n e u rs  in  the case  of the Cobb- 
Douglas function. But th is  s im ila r i ty  in  one re s u lt  of the two types 
of functions should not overshadow  th e ir  fundam ental d iffe ren ces .
The L eon tie f p roduction  function am ounts to no le s s  than a d ire c t 
den ial of the n e o c la s s ic a l m a rg in a l p ro d u c tiv ity  th eo ry .
In C h ap ter VI i t  i s  shown th a t m any in s tan ces  of apparen t 
fa c to r  su b stitu tio n  a re  indeed  fu lly  co n sis ten t with the assum ption  of 
co n stan t co effic ien ts  of p roduction  and nonsu b stitu tab ility  of fa c to rs ; 
T h is i s  the case  b ecau se  of the aggregative  n a tu re  of the ca teg o rie s  
th a t se rv e  as  e le m e n ta ry  concepts in  such ob serv atio n s  of alleged
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fa c to r  substitu tion . Thus, the ag g regative  approach  to  som e eco ­
nom ic phenom ena m ay lead  to  such o b serv a tio n s  th a t a re  c o n tra ry  
to  the tru e  e m p ir ic a l p ro c e ss  th a t o c cu rs .
C hap ter VII d eals  w ith the an a ly tica l sign ificance  of the d is ­
aggregative  approach  in  th e o ry  fo rm u la tio n . It is  shown tha t m any 
concepts th a t a re  vague and su b jec t only to  lim ited  q ua lita tive  an a ly s is  
w ithin an ag g regative  fram ew o rk  find a p re c ise  th e o re tic a l  spec ifica tio n , 
su b jec t to quan tita tive  a n a ly s is , w ithin the m o re  d isag g reg a tiv e  fo rm u ­
la tion . E xam ples of such concep ts a re  d iv ision  of la b o r , p roduction  
b o ttlen eck s, fa c to r in te n s ity , and the  concept of s tru c tu re  of an econ ­
omy. Some d isag g reg a tiv e  m odels a re  p re sen te d  in  th is  c h ap te r to  
i l lu s tr a te  the above point. T h ese  a r e  m odels of " s t ru c tu ra l  an a ly s is , " 
" fea s ib ility  a n a ly s is , " and the m odel d esc rib in g  the "L eo n tie f paradox . " 
I t is  a lso  o b serv ed  th a t som e concep ts of the  ag g regative  m odels 
such as  the K eynesian  m u ltip lie r  an a ly s is  find a m o re  u se fu l e x p re s ­
sion w ith in  a  m o re  d isag g reg a tiv e  m odel b ecause  h e re , in  addition to  
the o v e ra ll m u ltip lie r , s e c to ra l  m u ltip lie rs  a re  ca lcu la ted  as w ell.
The fundam ental conclusion  of P a r ts  I and II is  th a t a d isa g g re ­
gative fo rm ula tion  th a t g e n e ra te s  the  agg regative  re s u l ts  as  a sp ec ia l 
case  is  th e o re tic a lly  and e m p ir ic a lly  s u p e r io r  to  the ag g regative  fo rm u ­
la tio n s  w hich, in  g e n e ra l, do not define th e ir  v a r ia b le s  in  re la tio n  to 
the im m ed ia te ly  av ailab le  da ta . D isagg rega tion  is  one p o ssib le  s tra te g y  
tow ard  the goal of defining v a r ia b le s  in  te rm s  of fac tu a l m a te r ia ls  and
m aking th is  defin ition  in te rn a l to  the m o d e l--a n  in sep a ra b le  p a r t  of i t .
C h ap te r VIII app lies  th is  d isag g reg a tiv e  th e o ry  fo rm u la tio n  to  
a s im p le  v e rs io n  of the  quan tity  th eo ry  of m oney. S ec to ra l s tocks and 
v e lo c itie s  of m oney a re  defined and i t  is  shown th a t the o v e ra ll v e locity  
of m oney is  a  w eighted  av erag e  of the s e c to ra l  v e lo c itie s , the w eights 
being the re la tiv e  s tocks of m oney in  the v a rio u s  s e c to rs  of the econom y.
T h is  im p lie s  th a t a  v e ry  vo la tile  o v e ra ll v e lo city  is  fu lly  con­
s is te n t w ith  m o re  o r  le s s  s tab le  s e c to ra l  v e lo c itie s . As fa r  a s  th is  
au th o r h a s  been  able to  d e te rm in e  th is  approach  to  the concept of 
v e lo c ity  of m oney h as  not been  tak en  b e fo re .
Some p ro b lem s of e m p ir ic a l im p lem en ta tio n  of th is  m odel a re  
exam ined  and a lso  som e d ire c tio n s  fo r  expanding the ex p lana to ry  
scope of the  th e o ry  a re  p ro p o sed .
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